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The anomalous Landau-level sequence of νLL = −10, −6, −2 and 2 
observed at low fields is a hallmark of the massless Dirac fermions1,2. 
The sequence of equidistant steps of four persists through the Dirac 
point, where the charge carriers change from electrons to holes. The step 
size of four originates from the fourfold spin–valley degeneracy of the 
charge carriers3. The uninterrupted step of four from νLL = −2 to νLL = 2, 
together with the quantized Hall conductance at half integer of 4e2/h, 
reveals the existence of a Landau level at the Dirac point or zero energy, 
which is shared by electrons and holes1,2. This is equivalent to a π Berry 
phase at the Dirac point3. At high fields, the emergence of additional 
Landau levels and an insulating state at ν = 2 mimics breaking of the spin–
valley degeneracy and quantum Hall ferromagnetism in graphene43,44. 
We note that the scaling of the Landau-level robustness (energy) with 
νLL in Fig. 3a deviates from the case for graphene, and this deviation is 
reduced in larger-twist-angle samples (Fig. 3c,d for a 3.5°-twisted device 
and Extended Data Fig. 6 for a 3.7°-twisted device). This suggests the 
importance of effects from interaction45,46 and possibly also limited 
density range for linear dispersion, and warrants further investigations.

Another hallmark of massless Dirac fermions is the square-root 
density (n) dependence of the cyclotron mass m*, which is equivalent 
to the square-root magnetic-field dependence of the Landau-level 
energy1,2. We determine m* from the temperature dependence of Shub-
nikov–de Haas oscillations using the Lifshitz–Kosevich formula47 
(Methods). Figure 4a shows the doping dependence of Rxx at B⊥ = 4.2 T 
and representative temperatures (only the electron side is shown). 

With increasing temperature, the oscillations decay more rapidly at 
higher electron densities, suggesting larger m*. This is demonstrated 
in the inset for νLL = −2 and −6, corresponding to ν = 1.93 and 1.78. 
Figure 4b summarizes the density dependence of m*, which can be 
described by m∗

=

ℏ

√

πn

v

F

 (refs. 1,2) with fitting parameter 
vF ≈ (2.5 ± 0.5) × 104 m s−1 and ≈ (4.0 ± 0.5) × 104 m s−1 (shaded area) for 
the 3.0°- and 3.5°-twisted devices, respectively (see Extended Data Fig. 7 
for additional analyses of the 3.5° device). It contrasts with the 
density-independent cyclotron mass for non-relativistic electrons, as 
observed in WSe2 without the moiré effect (Extended Data Fig. 8). The 
observed deviation from the √n dependence at high densities for the 
3.0° device is due to departure of the moiré band from the linearly 
dispersing structure. The extracted Fermi velocity is in reasonable 
agreement with the calculated vF ≈ 4.1 × 104 m s−1 and ≈ 5.1 × 104 m s−1 
(for 3.0° and 3.5°, respectively) from the continuum model; the value 
is nearly two orders of magnitude smaller than the Fermi velocity 
(≈1 × 106 m s−1) in graphene.

Relativistic Mott transition
The substantially reduced Fermi velocity in AB–BA WSe2 opens an 
opportunity to investigate the relativistic Mott transition driven by 
electron–electron interactions6–15. We examine the effect of twist 
angle on transport near the Dirac point at E = 0 and under zero mag-
netic field. Figure 5a,b shows the doping dependence of Rxx at vary-
ing temperatures for 3°- and 2.5°-twisted samples, respectively. At 3°, 

10 20 30

107

106

105

104

103

106

105

104

103

102

1.9°   2.6°   3.0°   3.7°
2.5°  2.9°   3.0°

20 K20 mK

3°

a b

c d

T (K) Twist angle (°)

G
ap

 (m
eV

)

2.5°

Insulator Semimetal

2 K 30 K

2.0 2.5 3.0 3.5

0

5

10

15

0

2

4

6

v
F (10

4 m
 s −1)

20 15 10

104

103

102

1.6 1.8 2.0 1.5 2.0 2.5 3.01.4 2.2

ν

rs

ν

R xx
 (Ω

)

R xx
 (Ω

)

R xx
 (Ω

)
Fig. 5 | Relativistic Mott transition for Dirac fermions. a,b, Density dependence 
of Rxx near ν = 2 (E = 0 and B⊥ = 0) at varying temperatures for θ = 3° (a) and 2.5° 
(b). c, Temperature dependence of Rxx at ν = 2 for devices with different twist 
angles from 1.9° to 3.7°. d, Twist-angle dependence of the charge gap extracted 
from c and vF extracted from Fig. 4b. Fermi velocity is fitted over 16 (28) density 

points for the 3° (3.5°) device and is plotted as mean ± s.d. Error in vF arises from 
uncertainty in fitted mass. The red curve shows the twist-angle dependence of vF 
from the continuum model. The top axis shows the fine-structure constant for 
Dirac fermions. A Mott insulator emerges at twist angles below about 2.7° (red-
shaded region).Dirac 
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Quantum Phase Transitions (QPT) at            by variation of a non-thermal parameter. 

Quantum Critical Point (QCP) influences behavior of electronic systems over wide range of phase diagram, 
even at finite temperature. 

QPT are theoretically perdicted and experimentally shown in Dirac materials. 

Typical examples of insulating ordered phases:

Quantum critical Dirac materials

R. Boyack, H. Yerzhakov, J. Maciejko, EPJ ST 230, 979-992 (2021)
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Interacting Dirac materials

Dirac 
fields

L. Janssen, I. Herbut, PRB 89, 205403 (2014)

D.D. Scherer, J. Braun, H. Gies, JPA MT 46, 285002 (2013)

Effective theory for interacting Dirac materials  Classical action of the Gross—Neveu—Yukawa model.→
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(Chiral Ising model)



Interacting Dirac materials

Dirac 
fields

Yukawa 
coupling

L. Janssen, I. Herbut, PRB 89, 205403 (2014)

D.D. Scherer, J. Braun, H. Gies, JPA MT 46, 285002 (2013)

Effective theory for interacting Dirac materials  Classical action of the Gross—Neveu—Yukawa model.→
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Interacting Dirac materials

L. Janssen, I. Herbut, PRB 89, 205403 (2014)

D.D. Scherer, J. Braun, H. Gies, JPA MT 46, 285002 (2013)

Effective theory for interacting Dirac materials  Classical action of the Gross—Neveu—Yukawa model.→
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<latexit sha1_base64="zDjn/+dNrcpeGbxjzTZy6K3o5F8=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrCHokevGIiQsksCHd0oWGbrdpuyZkw4/w4kFjvPp7vPlvLLAHBV8yyct7M5mZF0rOtHHdb6ewsbm1vVPcLe3tHxwelY9P2jpJFaE+SXiiuiHWlDNBfcMMp12pKI5DTjvh5G7ud56o0iwRj2YqaRDjkWARI9hYqeNX+3LMLgfliltzF0DrxMtJBXK0BuWv/jAhaUyFIRxr3fNcaYIMK8MIp7NSP9VUYjLBI9qzVOCY6iBbnDtDF1YZoihRtoRBC/X3RIZjradxaDtjbMZ61ZuL/3m91EQ3QcaETA0VZLkoSjkyCZr/joZMUWL41BJMFLO3IjLGChNjEyrZELzVl9dJ+6rmNWqNh3qleZvHUYQzOIcqeHANTbiHFvhAYALP8ApvjnRenHfnY9lacPKZU/gD5/MHheiPDg==</latexit>

U(�)

Shape of  
affects the value 
of the VEV of 

U(ϕ)

ϕ
<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

�

<latexit sha1_base64="zDjn/+dNrcpeGbxjzTZy6K3o5F8=">AAAB7nicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrCHokevGIiQsksCHd0oWGbrdpuyZkw4/w4kFjvPp7vPlvLLAHBV8yyct7M5mZF0rOtHHdb6ewsbm1vVPcLe3tHxwelY9P2jpJFaE+SXiiuiHWlDNBfcMMp12pKI5DTjvh5G7ud56o0iwRj2YqaRDjkWARI9hYqeNX+3LMLgfliltzF0DrxMtJBXK0BuWv/jAhaUyFIRxr3fNcaYIMK8MIp7NSP9VUYjLBI9qzVOCY6iBbnDtDF1YZoihRtoRBC/X3RIZjradxaDtjbMZ61ZuL/3m91EQ3QcaETA0VZLkoSjkyCZr/joZMUWL41BJMFLO3IjLGChNjEyrZELzVl9dJ+6rmNWqNh3qleZvHUYQzOIcqeHANTbiHFvhAYALP8ApvjnRenHfnY9lacPKZU/gD5/MHheiPDg==</latexit>

U(�)

<latexit sha1_base64="iOuTcWTxCVKa0zL8QbJUNrdDGyE=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJSHVZdOOygr1AE8pketIOnUzizEQoobjxVdy4UMStT+HOt3GaZqGtPwx8/Occzpw/SDhT2nG+raXlldW19dJGeXNre2fX3ttvqTiVFJo05rHsBEQBZwKammkOnUQCiQIO7WB0Pa23H0AqFos7PU7Aj8hAsJBRoo3Vsw89TsSAg5cMmSdzxJ6Ae+z07IpTdXLhRXALqKBCjZ795fVjmkYgNOVEqa7rJNrPiNSMcpiUvVRBQuiIDKBrUJAIlJ/lJ0zwiXH6OIyleULj3P09kZFIqXEUmM6I6KGar03N/2rdVIeXfsZEkmoQdLYoTDnWMZ7mgftMAtV8bIBQycxfMR0SSag2qZVNCO78yYvQOqu6tWrt9rxSvyriKKEjdIxOkYsuUB3doAZqIooe0TN6RW/Wk/VivVsfs9Ylq5g5QH9kff4Auq6XAQ==</latexit>

h�i 6= 0

<latexit sha1_base64="iZ4W3T+WYFZM1N728N1TR5Auops=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KokItWNUHTjsoK9QBPKZHrSDp1MwsxEKLELX8WNC0Xc+hrufBunaRba+sPAx3/O4Zz5g4QzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN9N6+wGkYrG41+ME/IgMBAsZJdpYPfvQ40QMOHjJkHkyR3yFnZ5dcapOLrwIbgEVVKjRs7+8fkzTCISmnCjVdZ1E+xmRmlEOk7KXKkgIHZEBdA0KEoHys/z+CT4xTh+HsTRPaJy7vycyEik1jgLTGRE9VPO1qflfrZvq8NLPmEhSDYLOFoUpxzrG0zBwn0mgmo8NECqZuRXTIZGEahNZ2YTgzn95EVpnVbdWrd2dV+rXRRwldISO0Sly0QWqo1vUQE1E0SN6Rq/ozXqyXqx362PWumQVMwfoj6zPHxW5lYA=</latexit>

h�i = 0

<latexit sha1_base64="iZ4W3T+WYFZM1N728N1TR5Auops=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaL4KokItWNUHTjsoK9QBPKZHrSDp1MwsxEKLELX8WNC0Xc+hrufBunaRba+sPAx3/O4Zz5g4QzpR3n21paXlldWy9tlDe3tnd27b39lopTSaFJYx7LTkAUcCagqZnm0EkkkCjg0A5GN9N6+wGkYrG41+ME/IgMBAsZJdpYPfvQ40QMOHjJkHkyR3yFnZ5dcapOLrwIbgEVVKjRs7+8fkzTCISmnCjVdZ1E+xmRmlEOk7KXKkgIHZEBdA0KEoHys/z+CT4xTh+HsTRPaJy7vycyEik1jgLTGRE9VPO1qflfrZvq8NLPmEhSDYLOFoUpxzrG0zBwn0mgmo8NECqZuRXTIZGEahNZ2YTgzn95EVpnVbdWrd2dV+rXRRwldISO0Sly0QWqo1vUQE1E0SN6Rq/ozXqyXqx362PWumQVMwfoj6zPHxW5lYA=</latexit>

h�i = 0

<latexit sha1_base64="SF/gnzoGZ/ol4gCbVntO6TpcDwk=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQKowVMDAWiT6kJqoc96a16jjBdpCqqN/Awq+wMIAQKxMbf4PbZoCWI13p+Jx75XtPkHCmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqjiVFBo05rFsB0QBZwIammkO7UQCiQIOrWB4NfFbDyAVi8WdHiXgR6QvWMgo0Ubq2ifeNXBNsKdYhAfY40T0OWAvGTDsyfwh4B47XbvsVJwp8CJxc1JGOepd+8vrxTSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx1BBIlB+Nj1pjI+M0sNhLE0Jjafq74mMREqNosB0RkQP1Lw3Ef/zOqkOL/yMiSTVIOjsozDlWMd4kg/uMQlU85EhhEpmdsV0QCSh2qRYMiG48ycvkuZpxa1Wqrdn5dplHkcRHaBDdIxcdI5q6AbVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5AzpcnJQ=</latexit>

� ⇠ hh�i 6= 0
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Possible emergence of 
relativistic symmetry at zero 

temperature close to the QCP.
<latexit sha1_base64="ihgpiOQNmurwfGy+XQ15qUU2RrE="></latexit>

S =

Z
d3x


 ̄
⇣
�0@⌧ + vF~� · ~@

⌘
 + h� ̄ +

1

2
�
⇣
�@2⌧ � v2B~@

2
⌘
�+ �(m2

� + ��2)�

�

<latexit sha1_base64="pSiYCwAEery51eWaq9FpYCJe2nY=">AAAB83icdVDLSgMxFM3UV62vqks3wSK4GuZRp3ZXdOOygm3FzlAyaaYNzWSGJCOUob/hxoUibv0Zd/6NmbaCih4IHM65l3tywpRRqSzrwyitrK6tb5Q3K1vbO7t71f2DrkwygUkHJywRtyGShFFOOooqRm5TQVAcMtILJ5eF37snQtKE36hpSoIYjTiNKEZKS74fIzUOw/xuNnAG1Zpluo7tNVxomXXPsc88Tbym23QdaJvWHDWwRHtQffeHCc5iwhVmSMq+baUqyJFQFDMyq/iZJCnCEzQifU05iokM8nnmGTzRyhBGidCPKzhXv2/kKJZyGod6ssgof3uF+JfXz1R0HuSUp5kiHC8ORRmDKoFFAXBIBcGKTTVBWFCdFeIxEggrXVNFl/D1U/g/6Tqm7Znedb3WuljWUQZH4BicAhs0QAtcgTboAAxS8ACewLORGY/Gi/G6GC0Zy51D8APG2ydsDJH4</latexit>Z2

(Chiral Ising model)
At microscopic scale, in general, different 

       and     , i.e.,              .
<latexit sha1_base64="Ax2wmiLRVbLSEpXwXiEXv5/qniM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4xyiOBDZkdGpgwO7uZmSUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXju7nfmqDSPJJPZhqjH9Kh5APOqLHS46RX6xVLbtldgKwTLyMlyFDvFb+6/YglIUrDBNW647mx8VOqDGcCZ4VuojGmbEyH2LFU0hC1ny5OnZELq/TJIFK2pCEL9fdESkOtp2FgO0NqRnrVm4v/eZ3EDG79lMs4MSjZctEgEcREZP436XOFzIipJZQpbm8lbEQVZcamU7AheKsvr5PmVdmrlCsP16VqLYsjD2dwDpfgwQ1U4R7q0AAGQ3iGV3hzhPPivDsfy9ack82cwh84nz8l+o26</latexit>vB

<latexit sha1_base64="Ps/q7T8P9JjMGIqFyze4tdzx8Qs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BQTxGNA9IljA76U2GzM4uM7OBEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbD25nfHKHSPJZPZpygH9G+5CFn1FjpcdS96xZLbtmdg6wSLyMlyFDrFr86vZilEUrDBNW67bmJ8SdUGc4ETgudVGNC2ZD2sW2ppBFqfzI/dUrOrNIjYaxsSUPm6u+JCY20HkeB7YyoGehlbyb+57VTE177Ey6T1KBki0VhKoiJyexv0uMKmRFjSyhT3N5K2IAqyoxNp2BD8JZfXiWNi7JXKVceLkvVmyyOPJzAKZyDB1dQhXuoQR0Y9OEZXuHNEc6L8+58LFpzTjZzDH/gfP4ALAqNvg==</latexit>vF
<latexit sha1_base64="NDoeDQ3louCmP5RUwexV+nKLP9A=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WOpIB4r2A9olyWbZtvQbLIm2UJZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8MOFMG9f9dtbWNza3tgs7xd29/YPD0tFxS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc3c789pgqzaR4NJOE+jEeCBYxgo2VuuOg3hP0CY2Du6BUdivuHGiVeDkpQ45GUPrq9SVJYyoM4Vjrrucmxs+wMoxwOi32Uk0TTEZ4QLuWChxT7Wfzk6fo3Cp9FEllSxg0V39PZDjWehKHtjPGZqiXvZn4n9dNTXTjZ0wkqaGCLBZFKUdGotn/qM8UJYZPLMFEMXsrIkOsMDE2paINwVt+eZW0LitetVJ9uCrX6nkcBTiFM7gAD66hBvfQgCYQkPAMr/DmGOfFeXc+Fq1rTj5zAn/gfP4AtOGQ5Q==</latexit>

vB 6= vF



The  evolution of  is determined by the Wetterich equation 

where  is an IR regulator and the RG time is                    . 

Introduce finite temperature 

Ansatz effective average action 

k Γk

Rk

<latexit sha1_base64="6CR5TVof9PVeF/2NCckxDPhIdVI="></latexit>

q0 ! !n = 2⇡cnT,

Z
ddq

(2⇡)d
! T

X

n2Z

Z
dd�1q

(2⇡)d�1

Functional Renormalization Group

Matsubara 
frequencies with

with 

Critical points correspond 
to fixed points of the 

flow equation

 functions 

 

<latexit sha1_base64="70lLMPLx7Mn8duaeTWcRM/zSQaw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ74cc6aBac+vuAuQv8QpSgwKtQfWzP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkzCpDEiXalkKyUH9O5DQ2ZhqHtjOmODar3lz8z+tlGF0HuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urLf0n7ou416o37y1rzpoijDCdwCufgwRU04Q5a4AMDAU/wAq+Ocp6dN+d92Vpyiplj+AXn4xvHaI6v</latexit>

�
<latexit sha1_base64="HPYt1eSxhPraOmz2fLASpLyWgW4=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUlEqhuh6MZlBfuApoTJdNIOnTyYuRFK6NKNv+LGhSJu/QR3/o2TNAttPXDhcM69M/ceLxZcgWV9G0vLK6tr66WN8ubW9s6uubffVlEiKWvRSESy6xHFBA9ZCzgI1o0lI4EnWMcb32R+54FJxaPwHiYx6wdkGHKfUwJacs0jx2NAqkM35dNTfIWdmEjgRLiAc801K1bNyoEXiV2QCirQdM0vZxDRJGAhUEGU6tlWDP00e5UKNi07iWIxoWMyZD1NQxIw1U/zQ6b4RCsD7EdSVwg4V39PpCRQahJ4ujMgMFLzXib+5/US8C/7KQ/jBFhIZx/5icAQ4SwVPOCSURATTQiVXO+K6YhIQkFnV9Yh2PMnL5L2Wc2u1+p355XGdRFHCR2iY1RFNrpADXSLmqiFKHpEz+gVvRlPxovxbnzMWpeMYuYA/YHx+QPPUZk8</latexit>

�(gi) = @tgi
<latexit sha1_base64="N070zgfCdMDmgN0EddAwkGu0Qiw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahuiiJSHUjFN24rGAf0MYwmU7aoZMHMxOxhPyKGxeKuPVH3Pk3TtsstPXAhcM593LvPV7MmVSW9W0UVlbX1jeKm6Wt7Z3dPXO/3JZRIghtkYhHouthSTkLaUsxxWk3FhQHHqcdb3wz9TuPVEgWhfdqElMnwMOQ+YxgpSXXLPc9qnB16KYsezg9QVfIcs2KVbNmQMvEzkkFcjRd86s/iEgS0FARjqXs2VasnBQLxQinWamfSBpjMsZD2tM0xAGVTjq7PUPHWhkgPxK6QoVm6u+JFAdSTgJPdwZYjeSiNxX/83qJ8i+dlIVxomhI5ov8hCMVoWkQaMAEJYpPNMFEMH0rIiMsMFE6rpIOwV58eZm0z2p2vVa/O680rvM4inAIR1AFGy6gAbfQhBYQeIJneIU3IzNejHfjY95aMPKZA/gD4/MH5gOTDw==</latexit>

�(g⇤i ) = 0

<latexit sha1_base64="3d0ArObikPDeDLJA/3JqDEpvQu8="></latexit>

@t�k[�] =
1

2
STr

⇢h
�(2)
k [�] +Rk

i�1
(@tRk)

�
,
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<latexit sha1_base64="8QXJuv2w7Ya53f6/fBecR+GiDWI="></latexit>

�k =

Z 1/T

0
d⌧

Z
dd�1x

h
Z ,k  ̄D ,k � 1

2
Z�,k�D�,k�+ hk� ̄ + Uk(⇢)

i
with

<latexit sha1_base64="tU2uDLm9TNy4gz7zYqnfcKAzsZY="></latexit>

D�,k = @2
0 + v2B,k

~@ 2 ,

D ,k = �0@0 + vF,k ~� · ~@ .

<latexit sha1_base64="5/uh9JidyEsPNzOwY5sNmup+wwU=">AAACB3icbZDLSsNAFIYnXmu9RV0KMlgEQalJkepGKBXEZQV7gTaGyWTaDp1M4sxEKKE7N76KGxeKuPUV3Pk2TtostPWHgZ/vnMOZ83sRo1JZ1rcxN7+wuLScW8mvrq1vbJpb2w0ZxgKTOg5ZKFoekoRRTuqKKkZakSAo8BhpeoPLtN58IELSkN+qYUScAPU47VKMlEauuYddfncFLyA/sk9Kx7BzHyMfprCaQtcsWEVrLDhr7MwUQKaaa351/BDHAeEKMyRl27Yi5SRIKIoZGeU7sSQRwgPUI21tOQqIdJLxHSN4oIkPu6HQjys4pr8nEhRIOQw83Rkg1ZfTtRT+V2vHqnvuJJRHsSIcTxZ1YwZVCNNQoE8FwYoNtUFYUP1XiPtIIKx0dHkdgj198qxplIp2uVi+OS1UqlkcObAL9sEhsMEZqIBrUAN1gMEjeAav4M14Ml6Md+Nj0jpnZDM74I+Mzx9+z5aM</latexit>

cFn = n+ 1/2, cBn = n

<latexit sha1_base64="K3p46yBwg3gQDlE+EqdrIXyVKgo=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU02KVC9C0YvHCv2CJpTNdtMu3WzC7kaoob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxLOlHacb2ttfWNza7uwU9zd2z8o2YdHbRWnktAWiXksuwFWlDNBW5ppTruJpDgKOO0E47uZ33mkUrFYNPUkoX6Eh4KFjGBtpL5d8jRO0Q2qeglDzYtx3y47FWcOtErcnJQhR6Nvf3mDmKQRFZpwrFTPdRLtZ1hqRjidFr1U0QSTMR7SnqECR1T52fzwKTozygCFsTQlNJqrvycyHCk1iQLTGWE9UsveTPzP66U6vPYzJpJUU0EWi8KUIx2jWQpowCQlmk8MwUQycysiIywx0SarognBXX55lbSrFbdWqT1cluu3eRwFOIFTOAcXrqAO99CAFhBI4Rle4c16sl6sd+tj0bpm5TPH8AfW5w/JKpHk</latexit>

⌧ = 2⇡T/k

<latexit sha1_base64="TNVXsX2lqPLy1NJB7j1/hKndyrU=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiYi1Y1QdOPCRQX7gCaUyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzj3cOydIOFPacb6tldW19Y3NwlZxe2d3b98+OGyqOJWENkjMY9kOsKKcCdrQTHPaTiTFUcBpKxjeTf3WiErFYvGkxwn1I9wXrMcI1kbq2ra+8bgoD8+9BxMK8VnXLjkVZwa0TNyclCBHvWt/eWFM0ogKTThWquM6ifYzLDUjnE6KXqpogskQ92nHUIEjqvxsdvkEnRolRL1Ymic0mqm/ExmOlBpHgZmMsB6oRW8q/ud1Ut279jMmklRTQeaLeilHOkbTGlDIJCWajw3BRDJzKyIDLDHRpqyiKcFd/PIyaV5U3Gql+nhZqt3mdRTgGE6gDC5cQQ3uoQ4NIDCCZ3iFNyuzXqx362M+umLlmSP4A+vzBzxlksU=</latexit>

t = ln(k/⇤)



Critical exponents
Critical exponents

Correlation length diverges at criticality      

<latexit sha1_base64="VOjoaSmd38R7WALMnVpKgiF7wKA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBTUsiUl0W3bisYB/QxDCZTtKhk0mYmYglLbjxV9y4UMStP+HOv3HaZqGtBwYO59zLnXP8hFGpLOvbKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374mQNOa3apgQN0IhpwHFSGnJMw+cBwqdRMSJiuEorIQeHt1lFYenY88sW1VrCrhI7JyUQY6GZ345vRinEeEKMyRl17YS5WZIKIoZGZecVJIE4QEKSVdTjiIi3WyaYQyPtdKDQSz04wpO1d8bGYqkHEa+noyQ6st5byL+53VTFVy4GeVJqgjHs0NByqDOOykE9qggWLGhJggLqv8KcR8JhJWuraRLsOcjL5LWadWuVWs3Z+X6ZV5HERyCI3ACbHAO6uAaNEATYPAInsEreDOejBfj3fiYjRaMfGcf/IHx+QPbBpeu</latexit>

⇠ / |g � gc|�⌫ <latexit sha1_base64="VOjoaSmd38R7WALMnVpKgiF7wKA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBTUsiUl0W3bisYB/QxDCZTtKhk0mYmYglLbjxV9y4UMStP+HOv3HaZqGtBwYO59zLnXP8hFGpLOvbKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374mQNOa3apgQN0IhpwHFSGnJMw+cBwqdRMSJiuEorIQeHt1lFYenY88sW1VrCrhI7JyUQY6GZ345vRinEeEKMyRl17YS5WZIKIoZGZecVJIE4QEKSVdTjiIi3WyaYQyPtdKDQSz04wpO1d8bGYqkHEa+noyQ6st5byL+53VTFVy4GeVJqgjHs0NByqDOOykE9qggWLGhJggLqv8KcR8JhJWuraRLsOcjL5LWadWuVWs3Z+X6ZV5HERyCI3ACbHAO6uAaNEATYPAInsEreDOejBfj3fiYjRaMfGcf/IHx+QPbBpeu</latexit>

⇠ / |g � gc|�⌫

<latexit sha1_base64="gGIVn5q5zSmE+QOeGPJpJiFaoTY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qolI9Vj04rGCaQttKJvtpF262YTdjVhCf4MXD4p49Qd589+4/Tho64OBx3szzMwLU8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJ37zEZXmiXwwoxSDmPYljzijxkq+d9554t1S2a24U5Bl4s1JGeaod0tfnV7CshilYYJq3fbc1AQ5VYYzgeNiJ9OYUjakfWxbKmmMOsinx47JqVV6JEqULWnIVP09kdNY61Ec2s6YmoFe9Cbif147M9F1kHOZZgYlmy2KMkFMQiafkx5XyIwYWUKZ4vZWwgZUUWZsPkUbgrf48jJpXFS8aqV6f1mu3czjKMAxnMAZeHAFNbiDOvjAgMMzvMKbI50X5935mLWuOPOZI/gD5/MHPCmOVA==</latexit>

1/⇠

order 
parameter

Very good 
theoretical 
agreement!

<latexit sha1_base64="VOjoaSmd38R7WALMnVpKgiF7wKA=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBTUsiUl0W3bisYB/QxDCZTtKhk0mYmYglLbjxV9y4UMStP+HOv3HaZqGtBwYO59zLnXP8hFGpLOvbKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374mQNOa3apgQN0IhpwHFSGnJMw+cBwqdRMSJiuEorIQeHt1lFYenY88sW1VrCrhI7JyUQY6GZ345vRinEeEKMyRl17YS5WZIKIoZGZecVJIE4QEKSVdTjiIi3WyaYQyPtdKDQSz04wpO1d8bGYqkHEa+noyQ6st5byL+53VTFVy4GeVJqgjHs0NByqDOOykE9qggWLGhJggLqv8KcR8JhJWuraRLsOcjL5LWadWuVWs3Z+X6ZV5HERyCI3AC bHAO6uAaNEATYPAInsEreDOejBfj3fiYjRaMfGcf/IHx+QPbBpeu</latexit>

⇠ / |g � gc|�⌫

At the critical point the 
system is scale-invariant 

and             .
88Mireia Tolosa Simeón                                                                                                                                                                                                             1st September 2026

<latexit sha1_base64="LdpbB62yRh82TpH/d4W0AKxaXt8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gOaUDbbTbt0s4m7k2Io/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ThVlDVpLGLVCYhmgkvWRI6CdRLFSBQI1g5GtzO/PWZK81g+YJYwPyIDyUNOCRrJ9564h7HtcRli1itXnKozh71K3JxUIEejV/7y+jFNIyaRCqJ113US9CdEIaeCTUteqllC6IgMWNdQSSKm/cn86Kl9ZpS+HcbKlER7rv6emJBI6ywKTGdEcKiXvZn4n9dNMbz2J1wmKTJJF4vCVNjmz1kCdp8rRlFkhhCquLnVpkOiCEWTU8mE4C6/vEpaF1W3Vq3dX1bqN3kcRTiBUzgHF66gDnfQgCZQeIRneIU3a2y9WO/Wx6K1YOUzx/AH1ucP1V+SKQ==</latexit>

⇠ ! 1

R. S. Erramilli et al., JHEP 02(2023)036

B. Ihrig, L. N. Mihaila, M. M. Scherer PRB 98, 125109 (2018)

T-T. Wang, Z.Y. Meng, PRB 108, L121112 (2023)

B. Knorr, PRB 94, 245102 (2016)

Chiral Ising model in  at d = 2 + 1 T = 0

<latexit sha1_base64="Bo+Jb8POssFjFu1s0NcQNKI823g=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0WoiCURqS6LLnRZwT6gqWUynbRDJ8kwM5GWNL/hxl9x40IRl7ryb5ymWWj1wMDhnHO5c4/LGZXKsr6M3MLi0vJKfrWwtr6xuWVu7zRkGAlM6jhkoWi5SBJGA1JXVDHS4oIg32Wk6Q4vp37znghJw+BWjTnp+KgfUI9ipLTUNa2rrsMlhaXRIXS4CLkKoeMJhGM7iSejyV3cO7aPHKJQmkuSrlm0ylYK+JfYGSmCDLWu+eH0Qhz5JFCYISnbtsVVJ0ZCUcxIUnAiSTjCQ9QnbU0D5BPZidPLEniglR70QqFfoGCq/pyIkS/l2Hd10kdqIOe9qfif146Ud96JacAjRQI8W+RFDOrzpzXBHhUEKzbWBGFB9V8hHiDdi9JlFnQJ9vzJf0njpGxXypWb02L1IqsjD/bAPigBG5yBKrgGNVAHGDyAJ/ACXo1H49l4M95n0ZyRzeyCXzA+vwErVqB2</latexit>

G (x) /
1

|x|d�1+⌘ 

<latexit sha1_base64="Alc4a/LA9myYnEp/shNMcO4nKwI=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoiGWmSHVZdKHLCvYBnVoyaaYNzcyEJCMt0/kNN/6KGxeKuNSVf2M67UJbDwQO55zLzT0uZ1Qqy/o2MkvLK6tr2fXcxubW9o65u1eXYSQwqeGQhaLpIkkYDUhNUcVIkwuCfJeRhju4mviNByIkDYM7NeKk7aNeQD2KkdJSx7SuOw7vU1gYHkOHi5CrEDqeQDi2k3g8HN/H3dPSiUMUSnNJ0jHzVtFKAReJPSN5MEO1Y3463RBHPgkUZkjKlm1x1Y6RUBQzkuScSBKO8AD1SEvTAPlEtuP0sgQeaaULvVDoFyiYqr8nYuRLOfJdnfSR6st5byL+57Ui5V20YxrwSJEATxd5EYP6/ElNsEsFwYqNNEFYUP1XiPtI96J0mTldgj1/8iKpl4p2uVi+PctXLmd1ZMEBOAQFYINzUAE3oApqAINH8AxewZvxZLwY78bHNJoxZjP74A+Mrx8JlKBh</latexit>

G�(x) /
1

|x|d�2+⌘�

Correlation function at criticality    

<latexit sha1_base64="9kn6To7+EsrxmLgflQLVi6uHpFQ=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUqW6EohtXUsE+oK0lk2ba0CQzJBmlDP0PNy4Uceu/uPNvzLSz0NYDgcM593JPjh9xpo3rfju5ldW19Y38ZmFre2d3r7h/0NRhrAhtkJCHqu1jTTmTtGGY4bQdKYqFz2nLH1+nfuuRKs1CeW8mEe0JPJQsYAQbKz3c9rsCm5ESSTC9rPSLJbfszoCWiZeREmSo94tf3UFIYkGlIRxr3fHcyPQSrAwjnE4L3VjTCJMxHtKOpRILqnvJLPUUnVhlgIJQ2ScNmqm/NxIstJ4I306mGfWil4r/eZ3YBBe9hMkoNlSS+aEg5siEKK0ADZiixPCJJZgoZrMiMsIKE2OLKtgSvMUvL5NmpexVy9W7s1LtKqsjD0dwDKfgwTnU4Abq0AACCp7hFd6cJ+fFeXc+5qM5J9s5hD9wPn8AXFCScA==</latexit>

Nf = 2

MTS, L. Classen, M. M. Scherer, PRB 112, 115133 (2025)



Finite temperature phase diagram 
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<latexit sha1_base64="h4HPVeb7EObTfkjYlF8Xu0cPCBo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFgrhswT6gM5RMmrahSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOZMG9f9dgobm1vbO8Xd0t7+weFR+fiko6NEEdomEY9UL8SaciZp2zDDaS9WFIuQ0244bWR+94kqzSL5aGYxDQQeSzZiBBsr+b7AZqJE2mrczwflilt1F0DrxMtJBXI0B+UvfxiRRFBpCMda9z03NkGKlWGE03nJTzSNMZniMe1bKrGgOkgXmefowipDNIqUfdKghfp7I8VC65kI7WSWUa96mfif10/M6DZImYwTQyVZHholHJkIZQWgIVOUGD6zBBPFbFZEJlhhYmxNJVuCt/rlddK5qnq1aq11Xanf5XUU4QzO4RI8uIE6PEAT2kAghmd4hTcncV6cd+djOVpw8p1T+APn8wcKl5G0</latexit>

QCF

0.5 1.0 1.5 2.0
a

<latexit sha1_base64="Hgdh1JpuH/CqV34EDo1L9EvSscA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFbly2YB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWeh1QOBwzn3ck9OmHCmjet+OaWNza3tnfJuZW//4PCoenzS03GqCO2SmMdqEGJNOZO0a5jhdJAoikXIaT+ctXK//0iVZrF8MPOEBgJPJIsYwcZKvi+wmSqRdVrtxahac+vuEugv8QpSgwLtUfXTH8ckFVQawrHWQ89NTJBhZRjhdFHxU00TTGZ4QoeWSiyoDrJl5gW6sMoYRbGyTxq0VH9uZFhoPRehncwz6nUvF//zhqmJboOMySQ1VJLVoSjlyMQoLwCNmaLE8LklmChmsyIyxQoTY2uq2BK89S//Jb2ruteoNzrXteZdUUcZzuAcLsGDG2jCPbShCwQSeIIXeHVS59l5c95XoyWn2DmFX3A+vgEZyZG+</latexit>

QCP
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× 10−2<latexit sha1_base64="wKLE+Z7KVJzDuKA6ekfj36LHImc=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiHjxWsB/QhrLZTtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUjThLwIzZUIhScoZXavTuQyGi/XHGr7hx0lXg5qZAcjX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bnzulZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDaz4RKUgTFF4vCVFKM6ex3OhAaOMqJJYxrYW+lfMQ042gTKtkQvOWXV0nrourVqrWHy0r9Jo+jSE7IKTknHrkidXJPGqRJOBmTZ/JK3pzEeXHenY9Fa8HJZ47JHzifP7vSjzE=</latexit>

�

(interaction)
MTS, L. Classen, M. M. Scherer, PRB 112, 115133 (2025)

Quantum critical fan (QCF) 

Dynamical critical exponent , z
<latexit sha1_base64="i0DYfYSEupHNsOzlKGnVXk6dHP4=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN9YZkeqy6MZlhb6gM5ZMmrahmSQkGbEOBX/FjQtF3Pod7vwb0zoLbT1w4XDOvdx7TyQZ1cbzvpzcwuLS8kp+tbC2vrG55W7vNLRIFCZ1LJhQrQhpwigndUMNIy2pCIojRprR8GriN++I0lTwmhlJEsaoz2mPYmSs1HH3gnsKYSCVkEbA2m167J88jDtu0St5U8B54mekCDJUO+5n0BU4iQk3mCGt274nTZgiZShmZFwIEk0kwkPUJ21LOYqJDtPp+WN4aJUu7Allixs4VX9PpCjWehRHtjNGZqBnvYn4n9dOTO8iTCmXiSEc/yzqJQzaTydZwC5VBBs2sgRhRe2tEA+QQtjYxAo2BH/25XnSOC355VL55qxYucziyIN9cACOgA/OQQVcgyqoAwxS8ARewKvz6Dw7b877T2vOyWZ2wR84H9/sEZTW</latexit>

⇠ / T�1/z

with
<latexit sha1_base64="QHZltCvGmB2VoKqaVDg4ju0iCoA=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV4KRS8eK7htoV1KNs22odlkSbJCXfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H49uZ336kSjMpHswkoUGMh4JFjGBjJR/Xn+pev1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmldVL1atXZ/WWnc5HEU4QRO4Rw8uIIG3EETfCDA4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gAaOI49</latexit>

a = z = 1

<latexit sha1_base64="Bvu7tU5IWIvg9Hdqut9MUIQ6wx8=">AAACDnicbVDLSgMxFM34rPU16tJNsBTcWGZEqhuhWhCXLfQFnTpk0rQNTTJDkhHqtF/gxl9x40IRt67d+Temj4W2HrhwOOde7r0niBhV2nG+raXlldW19dRGenNre2fX3tuvqTCWmFRxyELZCJAijApS1VQz0ogkQTxgpB70i2O/fk+koqGo6EFEWhx1Be1QjLSRfDtb8T2OdE/ypFy8GcFLeOV7EYfD7knXx8O75MET8ci3M07OmQAuEndGMmCGkm9/ee0Qx5wIjRlSquk6kW4lSGqKGRmlvViRCOE+6pKmoQJxolrJ5J0RzBqlDTuhNCU0nKi/JxLElRrwwHSOT1fz3lj8z2vGunPRSqiIYk0Eni7qxAzqEI6zgW0qCdZsYAjCkppbIe4hibA2CaZNCO78y4ukdppz87l8+SxTuJ7FkQKH4AgcAxecgwK4BSVQBRg8gmfwCt6sJ+vFerc+pq1L1mzmAPyB9fkDgAmbzA==</latexit>

TQCF = A±|g � gc|z⌫
Size of the precondensation 

regime   (SYM)Δtprecond.
RG

<latexit sha1_base64="wMRpneE0YTils3bMtpxn/x/+UH0=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoxIdVlU0GUV+4B2HDJp2oZmMkNyRyhD/8CNv+LGhSJu3brzb8y0FbT1QOBwzr3knhPEgmtwnC9rbn5hcWk5t5JfXVvf2LS3tms6ShRlVRqJSDUCopngklWBg2CNWDESBoLVg/555tfvmdI8krcwiJkXkq7kHU4JGMm3D1oXTADBcNcKCfRUmJp1Gsl2cej/KDeXQ98uOEVnBDxL3AkpoAkqvv3Zakc0CZkEKojWTdeJwUuJAk4FG+ZbiWYxoX3SZU1DJQmZ9tJRniHeN0obdyJlngQ8Un9vpCTUehAGZjI7UU97mfif10ygc+qlXMYJMEnHH3USgSHCWTm4zU14EANDCFXc3IppjyhCwVSYNyW405FnSe2o6JaKpevjQvlsUkcO7aI9dIhcdILK6ApVUBVR9ICe0At6tR6tZ+vNeh+PzlmTnR30B9bHN9uUnTU=</latexit>

�tprecond.RG

Sponetaneous chiral 
symmetry breaking

<latexit sha1_base64="wMRpneE0YTils3bMtpxn/x/+UH0=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoxIdVlU0GUV+4B2HDJp2oZmMkNyRyhD/8CNv+LGhSJu3brzb8y0FbT1QOBwzr3knhPEgmtwnC9rbn5hcWk5t5JfXVvf2LS3tms6ShRlVRqJSDUCopngklWBg2CNWDESBoLVg/555tfvmdI8krcwiJkXkq7kHU4JGMm3D1oXTADBcNcKCfRUmJp1Gsl2cej/KDeXQ98uOEVnBDxL3AkpoAkqvv3Zakc0CZkEKojWTdeJwUuJAk4FG+ZbiWYxoX3SZU1DJQmZ9tJRniHeN0obdyJlngQ8Un9vpCTUehAGZjI7UU97mfif10ygc+qlXMYJMEnHH3USgSHCWTm4zU14EANDCFXc3IppjyhCwVSYNyW405FnSe2o6JaKpevjQvlsUkcO7aI9dIhcdILK6ApVUBVR9ICe0At6tR6tZ+vNeh+PzlmTnR30B9bHN9uUnTU=</latexit>

�tprecond.RG

<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)

Characteristic length scale (SYM)  

 

(ansatz)

<latexit sha1_base64="j2zDbGBXROTm4UZgBupOXgGU/b8=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKwUBKECgtSBQtjkfqSmhA5rtNadRLLdhBVlE9g4VdYGECIlZGNv8FtM0DLkSwdnXOvrs/xOaNSWda3UVhYXFpeKa6W1tY3NrfM7Z2WjBOBSRPHLBYdH0nCaESaiipGOlwQFPqMtP3h9dhv3xMhaRw11IgTN0T9iAYUI6Ulzzx0Hii8hE4gEE7tLA09hw9oBh0uYq5i2LhLj+0TlHlm2apYE8B5YuekDHLUPfPL6cU4CUmkMENSdm2LKzdFQlHMSFZyEkk4wkPUJ11NIxQS6aaTQBk80EoPBrHQL1Jwov7eSFEo5Sj09WSI1EDOemPxP6+bqODCTWnEE0UiPD0UJAzqpON2YI8KghUbaYKwoPqvEA+Q7kbpDku6BHs28jxpnVbsaqV6e1auXeV1FMEe2AdHwAbnoAZuQB00AQaP4Bm8gjfjyXgx3o2P6WjByHd2wR8Ynz+SPZxQ</latexit>

⇠ =
1

m�
/ T�1/a

ϕ

U
<latexit sha1_base64="0lKGTPRm9e/ansejV0E31OSLir4=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiQsY2JBu6UJD2920XROy4Vd48aAxXv053vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hY6dHvj6u9ZMTO++WKW3PnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEb/nlVdK6qHn1Wv3+stK4yeMowgmcQhU8uIIG3EETfCAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gAH1Y/s</latexit>

Uk(�)

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

�

Fermion mass gap 

 (SSB)Δ ∝ ⟨ϕ⟩
<latexit sha1_base64="1KAcz3xe8z77cXFlCjuZ8P4Q5/0=">AAACC3icbVC7SgNBFJ31GeMramkzJAhWYVckWga1sIxgHpANYXZykwyZnVlm7gohpLfxV2wsFLH1B+z8GyePQhMPDJx7zr3cuSdKpLDo+9/eyura+sZmZiu7vbO7t587OKxZnRoOVa6lNo2IWZBCQRUFSmgkBlgcSahHg+uJX38AY4VW9zhMoBWznhJdwRk6qZ3LhzcgkdEwMTpBHUqmehJc2Rc0NNOinSv4RX8KukyCOSmQOSrt3FfY0TyNQSGXzNpm4CfYGjGDgksYZ8PUQsL4gPWg6ahiMdjWaHrLmJ44pUO72rinkE7V3xMjFls7jCPXGTPs20VvIv7nNVPsXrZGQiUpguKzRd1UUtR0EgztCAMc5dARxo1wf6W8zwzj6OLLuhCCxZOXSe2sGJSKpbvzQvlqHkeGHJM8OSUBuSBlcksqpEo4eSTP5JW8eU/ei/fufcxaV7z5zBH5A+/zB9cBmvE=</latexit>

� / h�i

ϕ

U
<latexit sha1_base64="0lKGTPRm9e/ansejV0E31OSLir4=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiQsY2JBu6UJD2920XROy4Vd48aAxXv053vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWjpOFaE+iXmsOiHWlDNJfcMMp51EUSxCTtvh+Hbmt5+o0iyWD2aS0EDgoWQRI9hY6dHvj6u9ZMTO++WKW3PnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEb/nlVdK6qHn1Wv3+stK4yeMowgmcQhU8uIIG3EETfCAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gAH1Y/s</latexit>

Uk(�)

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

�

<latexit sha1_base64="FHM1JrDJdafT9lsx1DkF18te/VA=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gViV6EoBePEcwDskuYnfQmQ2Znl5lZIYTgxV/x4kERr36FN//GyeOgiQUNNVXdTHeFqeDauO63s7S8srq2ntvIb25t7+wW9vbrOskUwxpLRKKaIdUouMSa4UZgM1VI41BgI+zfjP3GAyrNE3lvBikGMe1KHnFGjZXahUNfUNkVSPy0xwnx1fR1Rdx2oeiW3AnIIvFmpAgzVNuFL7+TsCxGaZigWrc8NzXBkCrDmcBR3s80ppT1aRdblkoaow6GkxNG5MQqHRIlypY0ZKL+nhjSWOtBHNrOmJqenvfG4n9eKzPRZTDkMs0MSjb9KMoEMQkZ50E6XCEzYmAJZYrbXQnrUUWZsanlbQje/MmLpH5W8sql8t15sXI9iyMHR3AMp+DBBVTgFqpQAwaP8Ayv8OY8OS/Ou/MxbV1yZjMH8AfO5w8nfJX+</latexit>

h�i = 0

<latexit sha1_base64="XnP0uoGbOVTW7c4iaoRSz1pfSgM=">AAACBXicbVA9SwNBEJ3zM8avU0stFoNgFe5EomXQxjKC+YBcCHubSbJkb+/c3RNCSGPjX7GxUMTW/2Dnv3GTXKGJDwbevjfDzrwwEVwbz/t2lpZXVtfWcxv5za3tnV13b7+m41QxrLJYxKoRUo2CS6wabgQ2EoU0CgXWw8H1xK8/oNI8lndmmGAroj3Ju5xRY6W2exQIKnsCSZD0OSGByl4S74nXdgte0ZuCLBI/IwXIUGm7X0EnZmmE0jBBtW76XmJaI6oMZwLH+SDVmFA2oD1sWipphLo1ml4xJidW6ZBurGxJQ6bq74kRjbQeRqHtjKjp63lvIv7nNVPTvWyNuExSg5LNPuqmgpiYTCIhHa6QGTG0hDLF7a6E9amizNjg8jYEf/7kRVI7K/qlYun2vFC+yuLIwSEcwyn4cAFluIEKVIHBIzzDK7w5T86L8+58zFqXnGzmAP7A+fwBzaOXfw==</latexit>

h�i 6= 0
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<latexit sha1_base64="/Xj3S7GcKgB7oo8KuZxljSEoIdg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVDdC0YWupIJ9QBvCZDJph05mwsxEKKFu/BU3LhRx61+482+ctFlo64ELh3Pu5d57goRRpR3n21pYXFpeWS2tldc3Nre27Z3dlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvMr99gORigp+r0cJ8WLU5zSiGGkj+fb+rd+LkR7IOLsWLFRacDKGF9Dx7YpTdSaA88QtSAUUaPj2Vy8UOI0J15ghpbquk2gvQ1JTzMi43EsVSRAeoj7pGspRTJSXTT4YwyOjhDAS0hTXcKL+nshQrNQoDkxnfq2a9XLxP6+b6ujcyyhPUk04ni6KUga1gHkcMKSSYM1GhiAsqbkV4gGSCGsTWtmE4M6+PE9aJ1W3Vq3dnVbql0UcJXAADsExcMEZqIMb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx/qCpaM</latexit>

NGoldstone = 0Chiral Ising model

Á. Pastor-Gutiérrez, J. M. Pawlowski, F. R. Sattler, 
arXiv: 2602.11265 (2026)
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<latexit sha1_base64="FHM1JrDJdafT9lsx1DkF18te/VA=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gViV6EoBePEcwDskuYnfQmQ2Znl5lZIYTgxV/x4kERr36FN//GyeOgiQUNNVXdTHeFqeDauO63s7S8srq2ntvIb25t7+wW9vbrOskUwxpLRKKaIdUouMSa4UZgM1VI41BgI+zfjP3GAyrNE3lvBikGMe1KHnFGjZXahUNfUNkVSPy0xwnx1fR1Rdx2oeiW3AnIIvFmpAgzVNuFL7+TsCxGaZigWrc8NzXBkCrDmcBR3s80ppT1aRdblkoaow6GkxNG5MQqHRIlypY0ZKL+nhjSWOtBHNrOmJqenvfG4n9eKzPRZTDkMs0MSjb9KMoEMQkZ50E6XCEzYmAJZYrbXQnrUUWZsanlbQje/MmLpH5W8sql8t15sXI9iyMHR3AMp+DBBVTgFqpQAwaP8Ayv8OY8OS/Ou/MxbV1yZjMH8AfO5w8nfJX+</latexit>

h�i = 0

ordered

ϕ

U

massive (SSB)
ϕ

Uk(ϕ)

<latexit sha1_base64="XnP0uoGbOVTW7c4iaoRSz1pfSgM=">AAACBXicbVA9SwNBEJ3zM8avU0stFoNgFe5EomXQxjKC+YBcCHubSbJkb+/c3RNCSGPjX7GxUMTW/2Dnv3GTXKGJDwbevjfDzrwwEVwbz/t2lpZXVtfWcxv5za3tnV13b7+m41QxrLJYxKoRUo2CS6wabgQ2EoU0CgXWw8H1xK8/oNI8lndmmGAroj3Ju5xRY6W2exQIKnsCSZD0OSGByl4S74nXdgte0ZuCLBI/IwXIUGm7X0EnZmmE0jBBtW76XmJaI6oMZwLH+SDVmFA2oD1sWipphLo1ml4xJidW6ZBurGxJQ6bq74kRjbQeRqHtjKjp63lvIv7nNVPTvWyNuExSg5LNPuqmgpiYTCIhHa6QGTG0hDLF7a6E9amizNjg8jYEf/7kRVI7K/qlYun2vFC+yuLIwSEcwyn4cAFluIEKVIHBIzzDK7w5T86L8+58zFqXnGzmAP7A+fwBzaOXfw==</latexit>

h�i 6= 0

RG flow of the effective potential: 
(for a fixed coupling            )

T × 10−3
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<latexit sha1_base64="wMRpneE0YTils3bMtpxn/x/+UH0=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoxIdVlU0GUV+4B2HDJp2oZmMkNyRyhD/8CNv+LGhSJu3brzb8y0FbT1QOBwzr3knhPEgmtwnC9rbn5hcWk5t5JfXVvf2LS3tms6ShRlVRqJSDUCopngklWBg2CNWDESBoLVg/555tfvmdI8krcwiJkXkq7kHU4JGMm3D1oXTADBcNcKCfRUmJp1Gsl2cej/KDeXQ98uOEVnBDxL3AkpoAkqvv3Zakc0CZkEKojWTdeJwUuJAk4FG+ZbiWYxoX3SZU1DJQmZ9tJRniHeN0obdyJlngQ8Un9vpCTUehAGZjI7UU97mfif10ygc+qlXMYJMEnHH3USgSHCWTm4zU14EANDCFXc3IppjyhCwVSYNyW405FnSe2o6JaKpevjQvlsUkcO7aI9dIhcdILK6ApVUBVR9ICe0At6tR6tZ+vNeh+PzlmTnR30B9bHN9uUnTU=</latexit>

�tprecond.RG
<latexit sha1_base64="R/Vt98I7BvVtckYuHEYkUVi5Iq8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKe6KRI9BPXiMYB6QhDA7mU2GzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dfiyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0y6eGS6F4HQVK3oo1p6EvedMf3Uz95hPXRkTqAccx74Z0oEQgGEUrtTq3XCI9G/aKJbfszkCWiZeREmSo9YpfnX7EkpArZJIa0/bcGLsp1SiY5JNCJzE8pmxEB7xtqaIhN910du+EnFilT4JI21JIZurviZSGxoxD33aGFIdm0ZuK/3ntBIOrbipUnCBXbL4oSCTBiEyfJ32hOUM5toQyLeythA2ppgxtRAUbgrf48jJpnJe9Srlyf1GqXmdx5OEIjuEUPLiEKtxBDerAQMIzvMKb8+i8OO/Ox7w152Qzh/AHzucPl6KPsg==</latexit>

�/h
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NGoldstone = 2, g = 4.515
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<latexit sha1_base64="xFvq7yD8WEDV5HeIp/zazGhcX5k=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisYD+gXUs2zbahSXZNskJZ+ie8eFDEq3/Hm//GbLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpP5nSeqNIvkvZnG1Bd4JFnICDZW6opBPx6zh9qgXHGr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n83tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7Hg2ZosTwqSWYKGZvRWSMFSbGRlSyIXjLL6+Sdq3q1av1u4tK4zqPowgncArn4MElNOAWmtACAhye4RXenEfnxXl3PhatBSefOYY/cD5/AMMpj84=</latexit>

m2
�

<latexit sha1_base64="iy8e5oOy3Csz80y6QDBPlmIk4P4=">AAAB+3icbZBNS8NAEIYn9avWr1iPXoJF8FQSkeqx6MVjBVsLTSib7bRdutmE3Y1YQv+KFw+KePWPePPfuE1z0NYXFh7emWFm3zDhTGnX/bZKa+sbm1vl7crO7t7+gX1Y7ag4lRTbNOax7IZEIWcC25ppjt1EIolCjg/h5GZef3hEqVgs7vU0wSAiI8GGjBJtrL5d9TkRI45+Mma+zLFv19y6m8tZBa+AGhRq9e0vfxDTNEKhKSdK9Tw30UFGpGaU46zipwoTQidkhD2DgkSogiy/feacGmfgDGNpntBO7v6eyEik1DQKTWdE9Fgt1+bmf7VeqodXQcZEkmoUdLFomHJHx848CGfAJFLNpwYIlczc6tAxkYRqE1fFhOAtf3kVOud1r1Fv3F3UmtdFHGU4hhM4Aw8uoQm30II2UHiCZ3iFN2tmvVjv1seitWQVM0fwR9bnD1zJlKs=</latexit>

h�i

<latexit sha1_base64="j2zDbGBXROTm4UZgBupOXgGU/b8=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKwUBKECgtSBQtjkfqSmhA5rtNadRLLdhBVlE9g4VdYGECIlZGNv8FtM0DLkSwdnXOvrs/xOaNSWda3UVhYXFpeKa6W1tY3NrfM7Z2WjBOBSRPHLBYdH0nCaESaiipGOlwQFPqMtP3h9dhv3xMhaRw11IgTN0T9iAYUI6Ulzzx0Hii8hE4gEE7tLA09hw9oBh0uYq5i2LhLj+0TlHlm2apYE8B5YuekDHLUPfPL6cU4CUmkMENSdm2LKzdFQlHMSFZyEkk4wkPUJ11NIxQS6aaTQBk80EoPBrHQL1Jwov7eSFEo5Sj09WSI1EDOemPxP6+bqODCTWnEE0UiPD0UJAzqpON2YI8KghUbaYKwoPqvEA+Q7kbpDku6BHs28jxpnVbsaqV6e1auXeV1FMEe2AdHwAbnoAZuQB00AQaP4Bm8gjfjyXgx3o2P6WjByHd2wR8Ynz+SPZxQ</latexit>

⇠ =
1

m�
/ T�1/a

Fermion mass gap        

(SYM)

Finite temperature phase diagram

1010Mireia Tolosa Simeón                                                                                                                                                                                                             1st September 2026

0.5 1.0 1.5 2.0
a

<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)

<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)
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× 10−2<latexit sha1_base64="wKLE+Z7KVJzDuKA6ekfj36LHImc=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiHjxWsB/QhrLZTtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUihookAJnUQDiwIJ7WB8O/PbT6CNiNUjThLwIzZUIhScoZXavTuQyGi/XHGr7hx0lXg5qZAcjX75qzeIeRqBQi6ZMV3PTdDPmEbBJUxLvdRAwviYDaFrqWIRGD+bnzulZ1YZ0DDWthTSufp7ImORMZMosJ0Rw5FZ9mbif143xfDaz4RKUgTFF4vCVFKM6ex3OhAaOMqJJYxrYW+lfMQ042gTKtkQvOWXV0nrourVqrWHy0r9Jo+jSE7IKTknHrkidXJPGqRJOBmTZ/JK3pzEeXHenY9Fa8HJZ47JHzifP7vSjzE=</latexit>

�

<latexit sha1_base64="wMRpneE0YTils3bMtpxn/x/+UH0=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoxIdVlU0GUV+4B2HDJp2oZmMkNyRyhD/8CNv+LGhSJu3brzb8y0FbT1QOBwzr3knhPEgmtwnC9rbn5hcWk5t5JfXVvf2LS3tms6ShRlVRqJSDUCopngklWBg2CNWDESBoLVg/555tfvmdI8krcwiJkXkq7kHU4JGMm3D1oXTADBcNcKCfRUmJp1Gsl2cej/KDeXQ98uOEVnBDxL3AkpoAkqvv3Zakc0CZkEKojWTdeJwUuJAk4FG+ZbiWYxoX3SZU1DJQmZ9tJRniHeN0obdyJlngQ8Un9vpCTUehAGZjI7UU97mfif10ygc+qlXMYJMEnHH3USgSHCWTm4zU14EANDCFXc3IppjyhCwVSYNyW405FnSe2o6JaKpevjQvlsUkcO7aI9dIhcdILK6ApVUBVR9ICe0At6tR6tZ+vNeh+PzlmTnR30B9bHN9uUnTU=</latexit>

�tprecond.RG

<latexit sha1_base64="SF/gnzoGZ/ol4gCbVntO6TpcDwk=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCpUoQKowVMDAWiT6kJqoc96a16jjBdpCqqN/Awq+wMIAQKxMbf4PbZoCWI13p+Jx75XtPkHCmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqjiVFBo05rFsB0QBZwIammkO7UQCiQIOrWB4NfFbDyAVi8WdHiXgR6QvWMgo0Ubq2ifeNXBNsKdYhAfY40T0OWAvGTDsyfwh4B47XbvsVJwp8CJxc1JGOepd+8vrxTSNQGjKiVId10m0nxGpGeUwLnmpgoTQIelDx1BBIlB+Nj1pjI+M0sNhLE0Jjafq74mMREqNosB0RkQP1Lw3Ef/zOqkOL/yMiSTVIOjsozDlWMd4kg/uMQlU85EhhEpmdsV0QCSh2qRYMiG48ycvkuZpxa1Wqrdn5dplHkcRHaBDdIxcdI5q6AbVUQNR9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5AzpcnJQ=</latexit>

� ⇠ hh�i 6= 0 (SSB)

Correlation length

MTS, L. Classen, M. M. Scherer, PRB 112, 115133 (2025)

(UV)(IR)

<latexit sha1_base64="/Xj3S7GcKgB7oo8KuZxljSEoIdg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVDdC0YWupIJ9QBvCZDJph05mwsxEKKFu/BU3LhRx61+482+ctFlo64ELh3Pu5d57goRRpR3n21pYXFpeWS2tldc3Nre27Z3dlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvMr99gORigp+r0cJ8WLU5zSiGGkj+fb+rd+LkR7IOLsWLFRacDKGF9Dx7YpTdSaA88QtSAUUaPj2Vy8UOI0J15ghpbquk2gvQ1JTzMi43EsVSRAeoj7pGspRTJSXTT4YwyOjhDAS0hTXcKL+nshQrNQoDkxnfq2a9XLxP6+b6ujcyyhPUk04ni6KUga1gHkcMKSSYM1GhiAsqbkV4gGSCGsTWtmE4M6+PE9aJ1W3Vq3dnVbql0UcJXAADsExcMEZqIMb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx/qCpaM</latexit>

NGoldstone = 0Chiral Ising model

<latexit sha1_base64="Hgdh1JpuH/CqV34EDo1L9EvSscA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFbly2YB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWeh1QOBwzn3ck9OmHCmjet+OaWNza3tnfJuZW//4PCoenzS03GqCO2SmMdqEGJNOZO0a5jhdJAoikXIaT+ctXK//0iVZrF8MPOEBgJPJIsYwcZKvi+wmSqRdVrtxahac+vuEugv8QpSgwLtUfXTH8ckFVQawrHWQ89NTJBhZRjhdFHxU00TTGZ4QoeWSiyoDrJl5gW6sMoYRbGyTxq0VH9uZFhoPRehncwz6nUvF//zhqmJboOMySQ1VJLVoSjlyMQoLwCNmaLE8LklmChmsyIyxQoTY2uq2BK89S//Jb2ruteoNzrXteZdUUcZzuAcLsGDG2jCPbShCwQSeIIXeHVS59l5c95XoyWn2DmFX3A+vgEZyZG+</latexit>
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classical 2D 
Ising transition!
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⇠? / |T � Tc|⌫

Correlation length develops a 
singularity as expected.
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Using fluid dynamical methods.

F. Ihssen, B. Hawashin, MTS, M. M. Scherer, arXiv:2607.18396 (2026)

F. R. Sattler, J. M. Pawlowski, Computer Physics Communications 327, 110262 (2026)

DiFfRG framework.
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NGoldstone = 0Chiral Ising model
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For                  , the microscopic action is fully Lorentz symmetric.
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vB/vF = 1

Consider linear perturbations                    out of the subspace with relativistic symmetry.
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with           at the QCP and on both sides of the transition.
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For the covariant Litim regulator, we find
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C > 0

Small perturbations out of this subspace are irrelevant 
close to the QCP.

B. Roy, V. Juričić, I. F. Herbut, JHEP 04, 018 (2016)

Z. H. Liu, L. Janssen, arXiv:2603.22259v2 (2026)

F. Ihssen, B. Hawashin, MTS, M. M. Scherer, arXiv:2607.18396 (2026)
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NGoldstone = 0Chiral Ising model

With a covariant regulator, the velocity flows are always in the Lorentz-symmetric subspace. is a fixed point of the 
flows of      and     .
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g � gc (interaction)

Quasiparticle weight

SSBSYM

<latexit sha1_base64="ckHFo/lk9CmuUGgsYLGMIQ/UyQA=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclUSkuhGKblxWsA9oQphMb9qhk0mYmQgldOHGX3HjQhG3foQ7/8Zpm4W2Hrhw5px7mXtPmHKmtON8Wyura+sbm6Wt8vbO7t6+fXDYVkkmKbRowhPZDYkCzgS0NNMcuqkEEoccOuHoZup3HkAqloh7PU7Bj8lAsIhRoo0U2BWPEzHggL10yAIHY0/O31fYCeyqU3NmwMvELUgVFWgG9pfXT2gWg9CUE6V6rpNqPydSM8phUvYyBSmhIzKAnqGCxKD8fHbEBJ8YpY+jRJoSGs/U3xM5iZUax6HpjIkeqkVvKv7n9TIdXfo5E2mmQdD5R1HGsU7wNBHcZxKo5mNDCJXM7IrpkEhCtcmtbEJwF09eJu2zmluv1e/Oq43rIo4SqqBjdIpcdIEa6BY1UQtR9Iie0St6s56sF+vd+pi3rljFzBH6A+vzB1tplqE=</latexit>

h�0i = 0

<latexit sha1_base64="DAQbqqd/txV4AEm9TW+qbOEehcg=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiy6cVnBPqAJYTK9aYdOJnFmIpTQnRt/xY0LRdz6C+78G6dtFtp64MKZc+5l7j1hypnSjvNtLS2vrK6tlzbKm1vbO7v23n5LJZmk0KQJT2QnJAo4E9DUTHPopBJIHHJoh8Prid9+AKlYIu70KAU/Jn3BIkaJNlJgH3mciD4H7KUDFjgYe7J4C7jHTmBXnKozBV4kbkEqqEAjsL+8XkKzGISmnCjVdZ1U+zmRmlEO47KXKUgJHZI+dA0VJAbl59M7xvjEKD0cJdKU0Hiq/p7ISazUKA5NZ0z0QM17E/E/r5vp6NLPmUgzDYLOPooyjnWCJ6HgHpNANR8ZQqhkZldMB0QSqk10ZROCO3/yImmdVd1atXZ7XqlfFXGU0CE6RqfIRReojm5QAzURRY/oGb2iN+vJerHerY9Z65JVzBygP7A+fwADWJgi</latexit>

h�0i 6= 0
Non-Dirac 

liquid close to 
the QCP

The low-temperature 
fermionic quasiparticle 

weight vanishes

-0.03-0.02-0.01 0.00 0.01 0.02 0.030.0

0.2

0.4

0.6

0.8

g-gc
1/
Z ψ

0

0.5

1.0

1.5

× 10−3T

<latexit sha1_base64="GtLyTOuIFneQtCnu3SNVVb/Mk78=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qrsi1WPRi8cK9gO7a8mm2TY0yS5JVilL/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXJpxp47rfztLyyuraemGjuLm1vbNb2ttv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryd+65EqzWJ5Z0YJDQTuSxYxgo2VHnzNBPJO0X3XTzTrlspuxZ0CLRIvJ2XIUe+WvvxeTFJBpSEca93x3MQEGVaGEU7HRT/VNMFkiPu0Y6nEguogm149RsdW6aEoVrakQVP190SGhdYjEdpOgc1Az3sT8T+vk5roMsiYTFJDJZktilKOTIwmEaAeU5QYPrIEE8XsrYgMsMLE2KCKNgRv/uVF0jyreNVK9fa8XLvK4yjAIRzBCXhwATW4gTo0gICCZ3iFN+fJeXHenY9Z65KTzxzAHzifPz1lkbc=</latexit> ⇠
1/
Z
 

<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)

0.2
0.3
0.4
0.5
0.6

Herbut, PRB 79, 085116 (2009) 

<latexit sha1_base64="k2UoKbZX7EzlBSbni4B6YAu4rt8=">AAACEnicbVC7TsMwFHXKq5RXgZHFokKCgSpBqDBWsDAWiT6kJkSO66RWHSeyb5CqqN/Awq+wMIAQKxMbf4P7GKDlSJaOzzlX9j1BKrgG2/62CkvLK6trxfXSxubW9k55d6+lk0xR1qSJSFQnIJoJLlkTOAjWSRUjcSBYOxhcj/32A1OaJ/IOhinzYhJJHnJKwEh++QS7msfYFSYEODqNfIpdNb7c567MsMuA+G6q+cgvV+yqPQFeJM6MVNAMDb/85fYSmsVMAhVE665jp+DlRAGngo1KbqZZSuiARKxrqCQx014+WWmEj4zSw2GizJGAJ+rviZzEWg/jwCRjAn09743F/7xuBuGll3OZZsAknT4UZgJDgsf94B5XjIIYGkKo4uavmPaJIhRMiyVTgjO/8iJpnVWdWrV2e16pX83qKKIDdIiOkYMuUB3doAZqIooe0TN6RW/Wk/VivVsf02jBms3soz+wPn8AzsqdnA==</latexit>

⇠ |g � gc|⌫⌘ 
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Quasiparticle 
weight 

<latexit sha1_base64="GtLyTOuIFneQtCnu3SNVVb/Mk78=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qrsi1WPRi8cK9gO7a8mm2TY0yS5JVilL/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXJpxp47rfztLyyuraemGjuLm1vbNb2ttv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryd+65EqzWJ5Z0YJDQTuSxYxgo2VHnzNBPJO0X3XTzTrlspuxZ0CLRIvJ2XIUe+WvvxeTFJBpSEca93x3MQEGVaGEU7HRT/VNMFkiPu0Y6nEguogm149RsdW6aEoVrakQVP190SGhdYjEdpOgc1Az3sT8T+vk5roMsiYTFJDJZktilKOTIwmEaAeU5QYPrIEE8XsrYgMsMLE2KCKNgRv/uVF0jyreNVK9fa8XLvK4yjAIRzBCXhwATW4gTo0gICCZ3iFN+fJeXHenY9Z65KTzxzAHzifPz1lkbc=</latexit>

⇠ 1/Z Full fermionic propagator: with

<latexit sha1_base64="GtLyTOuIFneQtCnu3SNVVb/Mk78=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qrsi1WPRi8cK9gO7a8mm2TY0yS5JVilL/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXJpxp47rfztLyyuraemGjuLm1vbNb2ttv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryd+65EqzWJ5Z0YJDQTuSxYxgo2VHnzNBPJO0X3XTzTrlspuxZ0CLRIvJ2XIUe+WvvxeTFJBpSEca93x3MQEGVaGEU7HRT/VNMFkiPu0Y6nEguogm149RsdW6aEoVrakQVP190SGhdYjEdpOgc1Az3sT8T+vk5roMsiYTFJDJZktilKOTIwmEaAeU5QYPrIEE8XsrYgMsMLE2KCKNgRv/uVF0jyreNVK9fa8XLvK4yjAIRzBCXhwATW4gTo0gICCZ3iFN+fJeXHenY9Z65KTzxzAHzifPz1lkbc=</latexit>

⇠ 1/Z 

MTS, L. Classen, M. M. Scherer, PRB 112, 115133 (2025)

<latexit sha1_base64="/Xj3S7GcKgB7oo8KuZxljSEoIdg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVDdC0YWupIJ9QBvCZDJph05mwsxEKKFu/BU3LhRx61+482+ctFlo64ELh3Pu5d57goRRpR3n21pYXFpeWS2tldc3Nre27Z3dlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvMr99gORigp+r0cJ8WLU5zSiGGkj+fb+rd+LkR7IOLsWLFRacDKGF9Dx7YpTdSaA88QtSAUUaPj2Vy8UOI0J15ghpbquk2gvQ1JTzMi43EsVSRAeoj7pGspRTJSXTT4YwyOjhDAS0hTXcKL+nshQrNQoDkxnfq2a9XLxP6+b6ujcyyhPUk04ni6KUga1gHkcMKSSYM1GhiAsqbkV4gGSCGsTWtmE4M6+PE9aJ1W3Vq3dnVbql0UcJXAADsExcMEZqIMb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx/qCpaM</latexit>

NGoldstone = 0Chiral Ising model
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<latexit sha1_base64="wMRpneE0YTils3bMtpxn/x/+UH0=">AAACD3icbVDLSgMxFM34rPU16tJNsCiuyoxIdVlU0GUV+4B2HDJp2oZmMkNyRyhD/8CNv+LGhSJu3brzb8y0FbT1QOBwzr3knhPEgmtwnC9rbn5hcWk5t5JfXVvf2LS3tms6ShRlVRqJSDUCopngklWBg2CNWDESBoLVg/555tfvmdI8krcwiJkXkq7kHU4JGMm3D1oXTADBcNcKCfRUmJp1Gsl2cej/KDeXQ98uOEVnBDxL3AkpoAkqvv3Zakc0CZkEKojWTdeJwUuJAk4FG+ZbiWYxoX3SZU1DJQmZ9tJRniHeN0obdyJlngQ8Un9vpCTUehAGZjI7UU97mfif10ygc+qlXMYJMEnHH3USgSHCWTm4zU14EANDCFXc3IppjyhCwVSYNyW405FnSe2o6JaKpevjQvlsUkcO7aI9dIhcdILK6ApVUBVR9ICe0At6tR6tZ+vNeh+PzlmTnR30B9bHN9uUnTU=</latexit>

�tprecond.RG

Goldstone modes melt down 
condensation as  t → tIR only precondensation

NO condensation at finite T

FORBIDDENContinuous  SSB at finite  in 
 at intermediate RG scale

O(N) T
d = 2 + 1 by Mermin-Wagner 

theorem

(UV)(IR)

Finite temperature phase diagram
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Chiral XY and Heisenberg models
<latexit sha1_base64="JrdH1JnsZF2sFJrQljTYTTB/v1U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVFdSdKErqWAf0IYwmUzaoZOZMDMRSqgbf8WNC0Xc+hfu/BsnbRbaeuDC4Zx7ufeeIGFUacf5thYWl5ZXVktr5fWNza1te2e3pUQqMWliwYTsBEgRRjlpaqoZ6SSSoDhgpB0Mr3K//UCkooLf61FCvBj1OY0oRtpIvr1/6/dipAcyzq4FC5UWnIzhBXR8u+JUnQngPHELUgEFGr791QsFTmPCNWZIqa7rJNrLkNQUMzIu91JFEoSHqE+6hnIUE+Vlkw/G8MgoIYyENMU1nKi/JzIUKzWKA9OZX6tmvVz8z+umOjr3MsqTVBOOp4uilEEtYB4HDKkkWLORIQhLam6FeIAkwtqEVjYhuLMvz5PWSdWtVWt3p5X6ZRFHCRyAQ3AMXHAG6uAGNEATYPAInsEreLOerBfr3fqYti5Yxcwe+APr8wfrkJaN</latexit>

NGoldstone > 0

0.5 1.0 1.5 2.0
a

-3 -2 -1 0

<latexit sha1_base64="0ap+5s7Lb+X3pxL1j8Bsy5aQsoY=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwVWZEqsuigq6kin1Ap5ZMmmlDM5khuSOUYX7Djb/ixoUiLnXl35g+BK0eCBzOuffm3uPHgmtwnE8rNze/sLiUXy6srK6tb9ibW3UdJYqyGo1EpJo+0UxwyWrAQbBmrBgJfcEa/uB05DfumNI8kjcwjFk7JD3JA04JGKljO16gCE29MyaAYOh4IYG+CtPr8+z2m5uBNJLdUpall1nHLjolZwz8l7hTUkRTVDv2u9eNaBIyCVQQrVuuE0M7JQo4FSwreIlmMaED0mMtQyUJmW6n48syvGeULg4iZZ4EPFZ/dqQk1HoY+qZytKye9Ubif14rgeC4nXIZJ8AknXwUJAJDhEcx4S43R4MYGkKo4mZXTPvERAUmzIIJwZ09+S+pH5Tccql8dVisnEzjyKMdtIv2kYuOUAVdoCqqIYru0SN6Ri/Wg/VkvVpvk9KcNe3ZRr9gfXwBXd2hzw==</latexit>

�tprecond.RG

N

with

<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)

<latexit sha1_base64="Bvu7tU5IWIvg9Hdqut9MUIQ6wx8=">AAACDnicbVDLSgMxFM34rPU16tJNsBTcWGZEqhuhWhCXLfQFnTpk0rQNTTJDkhHqtF/gxl9x40IRt67d+Temj4W2HrhwOOde7r0niBhV2nG+raXlldW19dRGenNre2fX3tuvqTCWmFRxyELZCJAijApS1VQz0ogkQTxgpB70i2O/fk+koqGo6EFEWhx1Be1QjLSRfDtb8T2OdE/ypFy8GcFLeOV7EYfD7knXx8O75MET8ci3M07OmQAuEndGMmCGkm9/ee0Qx5wIjRlSquk6kW4lSGqKGRmlvViRCOE+6pKmoQJxolrJ5J0RzBqlDTuhNCU0nKi/JxLElRrwwHSOT1fz3lj8z2vGunPRSqiIYk0Eni7qxAzqEI6zgW0qCdZsYAjCkppbIe4hibA2CaZNCO78y4ukdppz87l8+SxTuJ7FkQKH4AgcAxecgwK4BSVQBRg8gmfwCt6sJ+vFerc+pq1L1mzmAPyB9fkDgAmbzA==</latexit>

TQCF = A±|g � gc|z⌫
<latexit sha1_base64="8hkHgkxtfXcVT+WCIHaC4FiQqJs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbB07JRqV6EohePFewHtkvJptk2NJtdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0gE18bzvp3Cyura+kZxs7S1vbO7V94/aOo4VZQ1aCxi1Q6IZoJL1jDcCNZOFCNRIFgrGN1O/dYTU5rH8sGME+ZHZCB5yCkxVnrsyhRdI+ye41654rneDGiZ4JxUIEe9V/7q9mOaRkwaKojWHewlxs+IMpwKNil1U80SQkdkwDqWShIx7WeziyfoxCp9FMbKljRopv6eyEik9TgKbGdEzFAvelPxP6+TmvDKz7hMUsMknS8KU4FMjKbvoz5XjBoxtoRQxe2tiA6JItTYkEo2BLz48jJpnrm46lbvLyq1mzyOIhzBMZwChkuowR3UoQEUJDzDK7w52nlx3p2PeWvByWcO4Q+czx9WcI9o</latexit>

⌫ = 1.31

disordered

massless (SYM)
ϕ

U

ϕ

Uk(ϕ)

<latexit sha1_base64="FHM1JrDJdafT9lsx1DkF18te/VA=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gViV6EoBePEcwDskuYnfQmQ2Znl5lZIYTgxV/x4kERr36FN//GyeOgiQUNNVXdTHeFqeDauO63s7S8srq2ntvIb25t7+wW9vbrOskUwxpLRKKaIdUouMSa4UZgM1VI41BgI+zfjP3GAyrNE3lvBikGMe1KHnFGjZXahUNfUNkVSPy0xwnx1fR1Rdx2oeiW3AnIIvFmpAgzVNuFL7+TsCxGaZigWrc8NzXBkCrDmcBR3s80ppT1aRdblkoaow6GkxNG5MQqHRIlypY0ZKL+nhjSWOtBHNrOmJqenvfG4n9eKzPRZTDkMs0MSjb9KMoEMQkZ50E6XCEzYmAJZYrbXQnrUUWZsanlbQje/MmLpH5W8sql8t15sXI9iyMHR3AMp+DBBVTgFqpQAwaP8Ayv8OY8OS/Ou/MxbV1yZjMH8AfO5w8nfJX+</latexit>

h�i = 0

<latexit sha1_base64="h4HPVeb7EObTfkjYlF8Xu0cPCBo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFgrhswT6gM5RMmrahSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOZMG9f9dgobm1vbO8Xd0t7+weFR+fiko6NEEdomEY9UL8SaciZp2zDDaS9WFIuQ0244bWR+94kqzSL5aGYxDQQeSzZiBBsr+b7AZqJE2mrczwflilt1F0DrxMtJBXI0B+UvfxiRRFBpCMda9z03NkGKlWGE03nJTzSNMZniMe1bKrGgOkgXmefowipDNIqUfdKghfp7I8VC65kI7WSWUa96mfif10/M6DZImYwTQyVZHholHJkIZQWgIVOUGD6zBBPFbFZEJlhhYmxNJVuCt/rlddK5qnq1aq11Xanf5XUU4QzO4RI8uIE6PEAT2kAghmd4hTcncV6cd+djOVpw8p1T+APn8wcKl5G0</latexit>

QCF

MTS, L. Classen, M. M. Scherer, PRB 112, 115133 (2025)

<latexit sha1_base64="Q1fuy+g79Yi9ClkrObUvqKHma00="></latexit>

S =

Z
d3x


 ̄(INf ⌦ �µ)@µ � 1
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2
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��a�a +
1

8
� (�a�a)

2
�

chiral XY  

chiral Heisenberg

 with  

 with  

Ma = I2 ⊗ σa ⊗ σ2 a = {1,2}
Ma = σa ⊗ I4 a = {1,2,3}

<latexit sha1_base64="yoduFpxiObVW9cVZZTjvDwEKPBw=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRFqhuh6EYXQgX7gCaEm+mkHTp5MDMRSugvuPFX3LhQxK07d/6N0zYLbT1w4XDOvdx7j59wJpVlfRuFldW19Y3iZmlre2d3z9w/aMs4FYS2SMxj0fVBUs4i2lJMcdpNBIXQ57Tjj66mfueBCsni6F6NE+qGMIhYwAgoLXlm5daDixuv5sSKhVRiR7JBCB7gBaHmmWWras2Al4mdkzLK0fTML6cfkzSkkSIcpOzZVqLcDIRihNNJyUklTYCMYEB7mkagt7nZ7KMJPtFKHwex0BUpPFN/T2QQSjkOfd0ZghrKRW8q/uf1UhWcuxmLklTRiMwXBSnHKsbTeHCfCUoUH2sCRDB9KyZDEECUDrGkQ7AXX14m7VrVrlfrd6flxmUeRxEdoWNUQTY6Qw10jZqohQh6RM/oFb0ZT8aL8W58zFsLRj5ziP7A+PwBdEmczw==</latexit>

Ma = I2 ⌦ �a ⌦ �2
<latexit sha1_base64="ttvlw8ShapOpwZNCGWIwoQbb7gs=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVESnUjFN3oQqhgH9CEcDOdtEMnD2YmQgl146+4caGIW//CnX/jtM1CWw9cOJxzL/fe4yecSWVZ30ZhaXllda24XtrY3NreMXf3WjJOBaFNEvNYdHyQlLOINhVTnHYSQSH0OW37w6uJ336gQrI4ulejhLoh9CMWMAJKS555cOvBhSNZPwQPnFixkEp841WxZ5atijUFXiR2TsooR8Mzv5xeTNKQRopwkLJrW4lyMxCKEU7HJSeVNAEyhD7tahqB3uRm0w/G+FgrPRzEQlek8FT9PZFBKOUo9HVnCGog572J+J/XTVVw7mYsSlJFIzJbFKQcqxhP4sA9JihRfKQJEMH0rZgMQABROrSSDsGef3mRtE4rdq1Su6uW65d5HEV0iI7QCbLRGaqja9RATUTQI3pGr+jNeDJejHfjY9ZaMPKZffQHxucPSOiWJg==</latexit>

Ma = �a ⌦ I4

<latexit sha1_base64="Hgdh1JpuH/CqV34EDo1L9EvSscA=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFbly2YB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWeh1QOBwzn3ck9OmHCmjet+OaWNza3tnfJuZW//4PCoenzS03GqCO2SmMdqEGJNOZO0a5jhdJAoikXIaT+ctXK//0iVZrF8MPOEBgJPJIsYwcZKvi+wmSqRdVrtxahac+vuEugv8QpSgwLtUfXTH8ckFVQawrHWQ89NTJBhZRjhdFHxU00TTGZ4QoeWSiyoDrJl5gW6sMoYRbGyTxq0VH9uZFhoPRehncwz6nUvF//zhqmJboOMySQ1VJLVoSjlyMQoLwCNmaLE8LklmChmsyIyxQoTY2uq2BK89S//Jb2ruteoNzrXteZdUUcZzuAcLsGDG2jCPbShCwQSeIIXeHVS59l5c95XoyWn2DmFX3A+vgEZyZG+</latexit>

QCP



Quasiparticle weight

1515Mireia Tolosa Simeón                                                                                                                                                                                                             1st September 2026

Non-Dirac 
liquid close to 

the QCP

The low-temperature 
fermionic quasiparticle 

weight vanishes

0.2
0.3
0.4
0.5
0.6

× 10−3T

-0.04 -0.02 0.00 0.02 0.04
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

g-gc
1/
Z ψ

<latexit sha1_base64="dgDm7rCqPT9x+wnDNrjDQK5Towo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWMG2hDWWz3aRLN7thdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhSln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS0zRahPJJeqG2JNORPUN8xw2k0VxUnIaScc3838zhNVmknxaCYpDRIcCxYxgo2V/PgiHpBBtebW3TnQKvEKUoMCrUH1qz+UJEuoMIRjrXuem5ogx8owwum00s80TTEZ45j2LBU4oTrI58dO0ZlVhiiSypYwaK7+nshxovUkCW1ngs1IL3sz8T+vl5noJsiZSDNDBVksijKOjESzz9GQKUoMn1iCiWL2VkRGWGFibD4VG4K3/PIqaV/WvUa98XBVa94WcZThBE7hHDy4hibcQwt8IMDgGV7hzRHOi/PufCxaS04xcwx/4Hz+AG14jnQ=</latexit>g � gc
<latexit sha1_base64="dgDm7rCqPT9x+wnDNrjDQK5Towo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR6LXjxWMG2hDWWz3aRLN7thdyOU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhSln2rjut1NaW9/Y3CpvV3Z29/YPqodHbS0zRahPJJeqG2JNORPUN8xw2k0VxUnIaScc3838zhNVmknxaCYpDRIcCxYxgo2V/PgiHpBBtebW3TnQKvEKUoMCrUH1qz+UJEuoMIRjrXuem5ogx8owwum00s80TTEZ45j2LBU4oTrI58dO0ZlVhiiSypYwaK7+nshxovUkCW1ngs1IL3sz8T+vl5noJsiZSDNDBVksijKOjESzz9GQKUoMn1iCiWL2VkRGWGFibD4VG4K3/PIqaV/WvUa98XBVa94WcZThBE7hHDy4hibcQwt8IMDgGV7hzRHOi/PufCxaS04xcwx/4Hz+AG14jnQ=</latexit>g � gc

<latexit sha1_base64="GtLyTOuIFneQtCnu3SNVVb/Mk78=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qrsi1WPRi8cK9gO7a8mm2TY0yS5JVilL/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXJpxp47rfztLyyuraemGjuLm1vbNb2ttv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryd+65EqzWJ5Z0YJDQTuSxYxgo2VHnzNBPJO0X3XTzTrlspuxZ0CLRIvJ2XIUe+WvvxeTFJBpSEca93x3MQEGVaGEU7HRT/VNMFkiPu0Y6nEguogm149RsdW6aEoVrakQVP190SGhdYjEdpOgc1Az3sT8T+vk5roMsiYTFJDJZktilKOTIwmEaAeU5QYPrIEE8XsrYgMsMLE2KCKNgRv/uVF0jyreNVK9fa8XLvK4yjAIRzBCXhwATW4gTo0gICCZ3iFN+fJeXHenY9Z65KTzxzAHzifPz1lkbc=</latexit>

⇠ 1/Z 

Herbut, PRB 79, 085116 (2009) 

<latexit sha1_base64="k2UoKbZX7EzlBSbni4B6YAu4rt8=">AAACEnicbVC7TsMwFHXKq5RXgZHFokKCgSpBqDBWsDAWiT6kJkSO66RWHSeyb5CqqN/Awq+wMIAQKxMbf4P7GKDlSJaOzzlX9j1BKrgG2/62CkvLK6trxfXSxubW9k55d6+lk0xR1qSJSFQnIJoJLlkTOAjWSRUjcSBYOxhcj/32A1OaJ/IOhinzYhJJHnJKwEh++QS7msfYFSYEODqNfIpdNb7c567MsMuA+G6q+cgvV+yqPQFeJM6MVNAMDb/85fYSmsVMAhVE665jp+DlRAGngo1KbqZZSuiARKxrqCQx014+WWmEj4zSw2GizJGAJ+rviZzEWg/jwCRjAn09743F/7xuBuGll3OZZsAknT4UZgJDgsf94B5XjIIYGkKo4uavmPaJIhRMiyVTgjO/8iJpnVWdWrV2e16pX83qKKIDdIiOkYMuUB3doAZqIooe0TN6RW/Wk/VivVsf02jBms3soz+wPn8AzsqdnA==</latexit>

⇠ |g � gc|⌫⌘ 

Non-Dirac 
liquid close to 

the QCP

MTS, L. Classen, M. M. Scherer, PRB 112, 115133 (2025)

Chiral XY and Heisenberg models
<latexit sha1_base64="JrdH1JnsZF2sFJrQljTYTTB/v1U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVFdSdKErqWAf0IYwmUzaoZOZMDMRSqgbf8WNC0Xc+hfu/BsnbRbaeuDC4Zx7ufeeIGFUacf5thYWl5ZXVktr5fWNza1te2e3pUQqMWliwYTsBEgRRjlpaqoZ6SSSoDhgpB0Mr3K//UCkooLf61FCvBj1OY0oRtpIvr1/6/dipAcyzq4FC5UWnIzhBXR8u+JUnQngPHELUgEFGr791QsFTmPCNWZIqa7rJNrLkNQUMzIu91JFEoSHqE+6hnIUE+Vlkw/G8MgoIYyENMU1nKi/JzIUKzWKA9OZX6tmvVz8z+umOjr3MsqTVBOOp4uilEEtYB4HDKkkWLORIQhLam6FeIAkwtqEVjYhuLMvz5PWSdWtVWt3p5X6ZRFHCRyAQ3AMXHAG6uAGNEATYPAInsEreLOerBfr3fqYti5Yxcwe+APr8wfrkJaN</latexit>

NGoldstone > 0



ξ > 1010

ξ
102 104 106 108 1010

P. Jakubczyk, W. Metzner, PRB 95, 085113 (2017)

g − gc
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<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)

Phase fluctuations prevent LRO at finite   , but qLRO. 

At the BKT phase (               ), infinite correlation length . 

Above but close         , essential scaling of the correlation length

ξ
Phase stiffness  finite  very long RG flow. 

Low temperature limit                           . 

J

<latexit sha1_base64="gJhIHdS3Pvml4D3ZoUVpjkpb6Po=">AAACEnicbVC7TsMwFHXKq5RXgJHFokKCgZIgVBhLWZBYipQ+pCZUjuu2Vu0k2A6iivINLPwKCwMIsTKx8Te4bQYoHOlKR+fcq3vv8SNGpbKsLyM3N7+wuJRfLqysrq1vmJtbDRnGApM6DlkoWj6ShNGA1BVVjLQiQRD3GWn6w4ux37wjQtIwcNQoIh5H/YD2KEZKSx3zwL2n0JWUw3NIbhIMj1x5K1TiHDodlyM1EDypXjlpmnbMolWyJoB/iZ2RIshQ65ifbjfEMSeBwgxJ2batSHkJEopiRtKCG0sSITxEfdLWNECcSC+ZvJTCPa10YS8UugIFJ+rPiQRxKUfc153jK+WsNxb/89qx6p15CQ2iWJEATxf1YgZVCMf5wC4VBCs20gRhQfWtEA+QQFjpFAs6BHv25b+kcVyyy6Xy9UmxUs3iyIMdsAv2gQ1OQQVcghqoAwwewBN4Aa/Go/FsvBnv09ackc1sg18wPr4BVD2dUA==</latexit>

⇠ ⇠ Aec/
p
T�TBKT

<latexit sha1_base64="AHX2ZiPhaDiRBNEbN47HE80Tf2w=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh10yZFqsuiG3FVoS9oQplMJ83QyYOZG6WEfoAbf8WNC0Xc+gHu/BunbRbaemDgcM653LnHjQVXYJrfxsrq2vrGZm4rv72zu7dfODhsqyiRlLVoJCLZdYligoesBRwE68aSkcAVrOOOrqd+555JxaOwCeOYOQEZhtzjlICW+oXiLbYZkL4d+xxXmtiWfOgDkTJ6wFalVLVjfqZTZtmcAS8TKyNFlKHRL3zZg4gmAQuBCqJUzzJjcFIigVPBJnk7USwmdESGrKdpSAKmnHR2zASfamWAvUjqFwKeqb8nUhIoNQ5cnQwI+GrRm4r/eb0EvEsn5WGcAAvpfJGXCAwRnjaDB1wyCmKsCaGS679i6hNJKOj+8roEa/HkZdKulq1auXZ3XqxfZXXk0DE6QSVkoQtURzeogVqIokf0jF7Rm/FkvBjvxsc8umJkM0foD4zPH/xImbA=</latexit>

J⌘�/T ! 1/(2⇡)

Signatures of BKT transition
Chiral XY model

<latexit sha1_base64="fSLd1UuctJROPAQOA2UvLc83nNA=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokItWNUHShK6lgH9CGMJlM2qGTmTAzEUrIxl9x40IRt36GO//GaZuFth64cDjnXu69J0gYVdpxvq3S0vLK6lp5vbKxubW9Y+/utZVIJSYtLJiQ3QApwignLU01I91EEhQHjHSC0fXE7zwSqajgD3qcEC9GA04jipE2km8f3Pn9GOmhjLMbwUKlBSc5vHR9u+rUnCngInELUgUFmr791Q8FTmPCNWZIqZ7rJNrLkNQUM5JX+qkiCcIjNCA9QzmKifKy6QM5PDZKCCMhTXENp+rviQzFSo3jwHROjlXz3kT8z+ulOrrwMsqTVBOOZ4uilEEt4CQNGFJJsGZjQxCW1NwK8RBJhLXJrGJCcOdfXiTt05pbr9Xvz6qNqyKOMjgER+AEuOAcNMAtaIIWwCAHz+AVvFlP1ov1bn3MWktWMbMP/sD6/AGNKZZj</latexit>

NGoldstone = 1

<latexit sha1_base64="gGIVn5q5zSmE+QOeGPJpJiFaoTY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4qolI9Vj04rGCaQttKJvtpF262YTdjVhCf4MXD4p49Qd589+4/Tho64OBx3szzMwLU8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJ37zEZXmiXwwoxSDmPYljzijxkq+d9554t1S2a24U5Bl4s1JGeaod0tfnV7CshilYYJq3fbc1AQ5VYYzgeNiJ9OYUjakfWxbKmmMOsinx47JqVV6JEqULWnIVP09kdNY61Ec2s6YmoFe9Cbif147M9F1kHOZZgYlmy2KMkFMQiafkx5XyIwYWUKZ4vZWwgZUUWZsPkUbgrf48jJpXFS8aqV6f1mu3czjKMAxnMAZeHAFNbiDOvjAgMMzvMKbI50X5935mLWuOPOZI/gD5/MHPCmOVA==</latexit> 1/
⇠
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<latexit sha1_base64="lJpf747xYSMyKUILFSRQMr+V3QU=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZEqgsXpW4ENxWmD2iHIZNm2tAkMySZQhn6J25cKOLWP3Hn35hpZ6GtBwKHc+7lnpwwYVRpx/m2ShubW9s75d3K3v7B4ZF9fNJRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhIN5zc5353SqSisfD0LCE+RyNBI4qRNlJg296dFww40mPJs+ajNw/sqlNzFoDrxC1IFRRoBfbXYBjjlBOhMUNK9V0n0X6GpKaYkXllkCqSIDxBI9I3VCBOlJ8tks/hhVGGMIqleULDhfp7I0NcqRkPzWSeUa16ufif1091dOtnVCSpJgIvD0UpgzqGeQ1wSCXBms0MQVhSkxXiMZIIa1NWxZTgrn55nXSuam69Vn+6rjaaRR1lcAbOwSVwwQ1ogAfQAm2AwRQ8g1fwZmXWi/VufSxHS1axcwr+wPr8ARuRk1c=</latexit>

T < TBKT

<latexit sha1_base64="lJpf747xYSMyKUILFSRQMr+V3QU=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZEqgsXpW4ENxWmD2iHIZNm2tAkMySZQhn6J25cKOLWP3Hn35hpZ6GtBwKHc+7lnpwwYVRpx/m2ShubW9s75d3K3v7B4ZF9fNJRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhIN5zc5353SqSisfD0LCE+RyNBI4qRNlJg296dFww40mPJs+ajNw/sqlNzFoDrxC1IFRRoBfbXYBjjlBOhMUNK9V0n0X6GpKaYkXllkCqSIDxBI9I3VCBOlJ8tks/hhVGGMIqleULDhfp7I0NcqRkPzWSeUa16ufif1091dOtnVCSpJgIvD0UpgzqGeQ1wSCXBms0MQVhSkxXiMZIIa1NWxZTgrn55nXSuam69Vn+6rjaaRR1lcAbOwSVwwQ1ogAfQAm2AwRQ8g1fwZmXWi/VufSxHS1axcwr+wPr8ARuRk1c=</latexit>

T < TBKT

<latexit sha1_base64="lJpf747xYSMyKUILFSRQMr+V3QU=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZEqgsXpW4ENxWmD2iHIZNm2tAkMySZQhn6J25cKOLWP3Hn35hpZ6GtBwKHc+7lnpwwYVRpx/m2ShubW9s75d3K3v7B4ZF9fNJRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhIN5zc5353SqSisfD0LCE+RyNBI4qRNlJg296dFww40mPJs+ajNw/sqlNzFoDrxC1IFRRoBfbXYBjjlBOhMUNK9V0n0X6GpKaYkXllkCqSIDxBI9I3VCBOlJ8tks/hhVGGMIqleULDhfp7I0NcqRkPzWSeUa16ufif1091dOtnVCSpJgIvD0UpgzqGeQ1wSCXBms0MQVhSkxXiMZIIa1NWxZTgrn55nXSuam69Vn+6rjaaRR1lcAbOwSVwwQ1ogAfQAm2AwRQ8g1fwZmXWi/VufSxHS1axcwr+wPr8ARuRk1c=</latexit>

T < TBKT

MTS, L. Classen, M. M. Scherer, PRB 112, 115133 (2025)



Unified approach describing phase diagram and (quantum) critical behavior for 
interacting Dirac materials. 

Quantum critical behavior at  in terms of the critical exponents. 

Quantum critical fan above QCP at finite .  

Precondensation region on intermediate scales. 

In chiral Ising model, condensation at finite . 

Emergence of relativistic symmetry close to the QCP. 

Classical phase transition at finite temperature. 

In chiral XY and chiral Heisenberg models, no condensation at finite . 

Non-Dirac liquid close to QCP. 

Signatures of BKT transition in chiral XY model.

T = 0

T

T

T

Summary

CHIRAL XY and 
HEISENBERG MODELS 

<latexit sha1_base64="JrdH1JnsZF2sFJrQljTYTTB/v1U=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVFdSdKErqWAf0IYwmUzaoZOZMDMRSqgbf8WNC0Xc+hfu/BsnbRbaeuDC4Zx7ufeeIGFUacf5thYWl5ZXVktr5fWNza1te2e3pUQqMWliwYTsBEgRRjlpaqoZ6SSSoDhgpB0Mr3K//UCkooLf61FCvBj1OY0oRtpIvr1/6/dipAcyzq4FC5UWnIzhBXR8u+JUnQngPHELUgEFGr791QsFTmPCNWZIqa7rJNrLkNQUMzIu91JFEoSHqE+6hnIUE+Vlkw/G8MgoIYyENMU1nKi/JzIUKzWKA9OZX6tmvVz8z+umOjr3MsqTVBOOp4uilEEtYB4HDKkkWLORIQhLam6FeIAkwtqEVjYhuLMvz5PWSdWtVWt3p5X6ZRFHCRyAQ3AMXHAG6uAGNEATYPAInsEreLOerBfr3fqYti5Yxcwe+APr8wfrkJaN</latexit>

NGoldstone > 0

CHIRAL ISING MODEL 
<latexit sha1_base64="/Xj3S7GcKgB7oo8KuZxljSEoIdg=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIVDdC0YWupIJ9QBvCZDJph05mwsxEKKFu/BU3LhRx61+482+ctFlo64ELh3Pu5d57goRRpR3n21pYXFpeWS2tldc3Nre27Z3dlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvMr99gORigp+r0cJ8WLU5zSiGGkj+fb+rd+LkR7IOLsWLFRacDKGF9Dx7YpTdSaA88QtSAUUaPj2Vy8UOI0J15ghpbquk2gvQ1JTzMi43EsVSRAeoj7pGspRTJSXTT4YwyOjhDAS0hTXcKL+nshQrNQoDkxnfq2a9XLxP6+b6ujcyyhPUk04ni6KUga1gHkcMKSSYM1GhiAsqbkV4gGSCGsTWtmE4M6+PE9aJ1W3Vq3dnVbql0UcJXAADsExcMEZqIMb0ABNgMEjeAav4M16sl6sd+tj2rpgFTN74A+szx/qCpaM</latexit>

NGoldstone = 0

continuous SSB 
in  at finite d = 2 + 1 T

by Mermin-Wagner 
theorem

FORBIDDEN

discrete SSB 
 in  at finite d = 2 + 1 T

ALLOWED
by Mermin-Wagner 

theorem

Thank you for 
your attention!

Outlook 
Thermodynamic properties such as specific heat. 

Connection to microscopic (lattice) models.

<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)

<latexit sha1_base64="FHM1JrDJdafT9lsx1DkF18te/VA=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gViV6EoBePEcwDskuYnfQmQ2Znl5lZIYTgxV/x4kERr36FN//GyeOgiQUNNVXdTHeFqeDauO63s7S8srq2ntvIb25t7+wW9vbrOskUwxpLRKKaIdUouMSa4UZgM1VI41BgI+zfjP3GAyrNE3lvBikGMe1KHnFGjZXahUNfUNkVSPy0xwnx1fR1Rdx2oeiW3AnIIvFmpAgzVNuFL7+TsCxGaZigWrc8NzXBkCrDmcBR3s80ppT1aRdblkoaow6GkxNG5MQqHRIlypY0ZKL+nhjSWOtBHNrOmJqenvfG4n9eKzPRZTDkMs0MSjb9KMoEMQkZ50E6XCEzYmAJZYrbXQnrUUWZsanlbQje/MmLpH5W8sql8t15sXI9iyMHR3AMp+DBBVTgFqpQAwaP8Ayv8OY8OS/Ou/MxbV1yZjMH8AfO5w8nfJX+</latexit>

h�i = 0

<latexit sha1_base64="XnP0uoGbOVTW7c4iaoRSz1pfSgM=">AAACBXicbVA9SwNBEJ3zM8avU0stFoNgFe5EomXQxjKC+YBcCHubSbJkb+/c3RNCSGPjX7GxUMTW/2Dnv3GTXKGJDwbevjfDzrwwEVwbz/t2lpZXVtfWcxv5za3tnV13b7+m41QxrLJYxKoRUo2CS6wabgQ2EoU0CgXWw8H1xK8/oNI8lndmmGAroj3Ju5xRY6W2exQIKnsCSZD0OSGByl4S74nXdgte0ZuCLBI/IwXIUGm7X0EnZmmE0jBBtW76XmJaI6oMZwLH+SDVmFA2oD1sWipphLo1ml4xJidW6ZBurGxJQ6bq74kRjbQeRqHtjKjp63lvIv7nNVPTvWyNuExSg5LNPuqmgpiYTCIhHa6QGTG0hDLF7a6E9amizNjg8jYEf/7kRVI7K/qlYun2vFC+yuLIwSEcwyn4cAFluIEKVIHBIzzDK7w5T86L8+58zFqXnGzmAP7A+fwBzaOXfw==</latexit>

h�i 6= 0

<latexit sha1_base64="h4HPVeb7EObTfkjYlF8Xu0cPCBo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFgrhswT6gM5RMmrahSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOZMG9f9dgobm1vbO8Xd0t7+weFR+fiko6NEEdomEY9UL8SaciZp2zDDaS9WFIuQ0244bWR+94kqzSL5aGYxDQQeSzZiBBsr+b7AZqJE2mrczwflilt1F0DrxMtJBXI0B+UvfxiRRFBpCMda9z03NkGKlWGE03nJTzSNMZniMe1bKrGgOkgXmefowipDNIqUfdKghfp7I8VC65kI7WSWUa96mfif10/M6DZImYwTQyVZHholHJkIZQWgIVOUGD6zBBPFbFZEJlhhYmxNJVuCt/rlddK5qnq1aq11Xanf5XUU4QzO4RI8uIE6PEAT2kAghmd4hTcncV6cd+djOVpw8p1T+APn8wcKl5G0</latexit>

QCF

<latexit sha1_base64="FHM1JrDJdafT9lsx1DkF18te/VA=">AAACAnicbVDLSgNBEOz1GeMr6km8DAbBU9gViV6EoBePEcwDskuYnfQmQ2Znl5lZIYTgxV/x4kERr36FN//GyeOgiQUNNVXdTHeFqeDauO63s7S8srq2ntvIb25t7+wW9vbrOskUwxpLRKKaIdUouMSa4UZgM1VI41BgI+zfjP3GAyrNE3lvBikGMe1KHnFGjZXahUNfUNkVSPy0xwnx1fR1Rdx2oeiW3AnIIvFmpAgzVNuFL7+TsCxGaZigWrc8NzXBkCrDmcBR3s80ppT1aRdblkoaow6GkxNG5MQqHRIlypY0ZKL+nhjSWOtBHNrOmJqenvfG4n9eKzPRZTDkMs0MSjb9KMoEMQkZ50E6XCEzYmAJZYrbXQnrUUWZsanlbQje/MmLpH5W8sql8t15sXI9iyMHR3AMp+DBBVTgFqpQAwaP8Ayv8OY8OS/Ou/MxbV1yZjMH8AfO5w8nfJX+</latexit>

h�i = 0

<latexit sha1_base64="jNe8ydh+r56+vaAGDtfM6s4xQBA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQQUsiUl0W3bisYB/QhDCZTtKhk0mYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r3HTxiVyrK+jdLS8srqWnm9srG5tb1j7u51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPbnK/+0CEpDG/V+OEuBEKOQ0oRkpLnnkYnoUehs6pEyE1FFFWo1wRgXBun0w8s2rVrSngIrELUgUFWp755QxinEaEK8yQlH3bSpSbIaEoZmRScVJJEoRHKCR9TTmKiHSz6R8TeKyVAQxioYsrOFV/T2QoknIc+bozv1bOe7n4n9dPVXDlZpQnqSIczxYFKYMqhnkocEAFwYqNNUFYUH0rxEOUp6Cjq+gQ7PmXF0nnvG436o27i2rzuoijDA7AEagBG1yCJrgFLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gBz7pkV</latexit>

g � gc (interaction)

<latexit sha1_base64="h4HPVeb7EObTfkjYlF8Xu0cPCBo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJfFgrhswT6gM5RMmrahSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOZMG9f9dgobm1vbO8Xd0t7+weFR+fiko6NEEdomEY9UL8SaciZp2zDDaS9WFIuQ0244bWR+94kqzSL5aGYxDQQeSzZiBBsr+b7AZqJE2mrczwflilt1F0DrxMtJBXI0B+UvfxiRRFBpCMda9z03NkGKlWGE03nJTzSNMZniMe1bKrGgOkgXmefowipDNIqUfdKghfp7I8VC65kI7WSWUa96mfif10/M6DZImYwTQyVZHholHJkIZQWgIVOUGD6zBBPFbFZEJlhhYmxNJVuCt/rlddK5qnq1aq11Xanf5XUU4QzO4RI8uIE6PEAT2kAghmd4hTcncV6cd+djOVpw8p1T+APn8wcKl5G0</latexit>

QCF
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