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SU(N) Gross—Neveu Modelind = 2 + 1

_ . g, _
Z = p(ly®ir")op+(ly ® 1)w)*
» Simple description of fermion criticality (Z,) Order Parameter () # 0

non-perturbative mass generation (like QCD)

* Perturbatively renormalizable in large—N == UV FP [Rosenstein, Warr ’89, PRL]

* Connected to phase transitions in condensed matter (e.g. Dirac materials)



Critical Phenomena in Dirac Materials

* Dirac material: Electronic excitations effectively described by

massless Dirac fermionsz — Order Parameter (¢) = 0

e Strong electron-electron interaction — gquantum phase transition
~
massive Dirac fermions ¢, — Order Parameter (¢) # 0
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Critical Phenomena in Dirac Materials

* Dirac material: Electronic excitations effectively described by

massless Dirac fermionsz — Order Parameter (¢) = 0

e Strong electron-electron interaction — gquantum phase transition
~
massive Dirac fermions ¢, — Order Parameter (¢) # 0

Quantum phases described by Gross—Neveu—Yukawa (GNY) field theory
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Dirac fermions Yukawa OP field OP int.



SU(N) Gross—Neveu Modelind = 2 + 1

_ . g _
Z = p(ly®ir")oy+(ly ® 1))’
* Connected to phase transitions in condensed matter (e.g. Dirac materials)

rewrite int. with HS field ~ ¢ + \/gWywo — Yukawa int. (GNY theory)

d=2+€9ﬁ(gci) =O9gcl — @(6)



SU(N) Gross—Neveu Modelind = 2 + 1
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* Connected to phase transitions in condensed matter (e.g. Dirac materials)

rewrite int. with HS field ~ ¢ + \/gWywo — Yukawa int. (GNY theory)

d=2+¢,p(g)>0,g>g.. = 0O(e) runaway flow g, - 0o — (o) # 0
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SU(N) Gross—Neveu Modelind = 2 + 1

_ . g _
Z =A@ ird,x + S (7(1oy ® 1)x)”
« Contains symmetry-enhanced SO(2N) D SU(/N) Majorana fermion y subspace

All but one OP on graphene can be unified into symmetric tensor OP



SU(N) Gross—Neveu Modelind = 2 + 1

_ . g _
Z = 1Ay @ iy")0,x + (71w ® 1)x)”
« Contains symmetry-enhanced SO(2N) D SU(/N) Majorana fermion y subspace

Mean-Field Theory: [Herbut, Mandal 23, PRB]
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SO(2N) = SO(N) X SO(N)
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SU(N) Gross—Neveu Modelind = 2 + 1
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Z = 1Ay @ iy")0,x + (71w ® 1)x)”
« Contains symmetry-enhanced SO(2N) D SU(/N) Majorana fermion y subspace

Mean-Field Theory: [Herbut, Mandal 23, PRB]

(S, 1)y #0 XUy ® Lyy) #0

8c2 U 8cl

SO(2N) = SO(N) X SO(N)

Z »—broken
phase

SO(2N) SSB studied in d = 4 — €, QMC, conformal bootstrap — 1st or 2nd order transition?

Disordered
phase
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d Complement with analysis of criticalityind = 2 + €
[Han, Herbut 23 + 24 + °25, PRB] [Rein, Herbut, Assaad, 2512.04626]



SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢

L5 2L (H1loy ® L)p)? + (S, ® L) + =2(i(A, ® ')y + - (3(A, ® 7))

SN, 8 SN, SN,

Singlet (Ising)

Symmetrlc -Tensor

Adjomt -Nematic

Adjomt -Pseudoscalar

« Extend with global SO(Z\Q) flavor symmetry 9% = 3B, ® %, = {1y, A, Syt @ {15,7,,75)

- Construct Fierz-complete SO(2N) X 5O(NNy)—invariant interactions

reduces to Gross—Neveu for Nf = ]

— Track fixed points independently in the larger space (Nf > 1) &at Iarge-]\gc



SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢

L5 2L (H1loy ® L)p)? + (S, ® L) + =2 (7(A, ® ')y + - (5(A, ® 7))

SN, 8 SN, SN,

 One-Loop RGEs in MS g. — g./(4n)

Symmetrlc -Tensor

Adjomt -Nematic

Adjomt -Pseudoscalar

1| 1|

Br=€g1+ | - 4NNy —1)g? +4(N + 1)(2N - 1)g182 B3 =€g3 + ~ SN(N —1)g5 +2N(N — 1)g; + 2N(N + 1)g5
Al rl
—4N(2N - 1)g184 +8N(2N - 1)g1 g3 ﬂ
- +4(N + 1)(N — 1)g2g4 + 48184 |, (23)
—8N(2N —1)g384|, (21) - ‘
- ) /84 —€g4 + N_ 4N(Nf — l)gi —+ 4(N + 1)g2g4 + 8g1g3
B> 682+N—f —(4N(Np - 1) +4)g; +4g182 Jl

‘ +8(N + 1)(N - 1)g2g3 — 4g194 + 8N°g384| .
+8N(N —1)g283 —4Ngogs + SN(N — 1)g384|, :

(22) [Hawashin, MU °25, 2510.23725]




SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢
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Singlet (Ising)

Symmetrlc -Tensor
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« One-Loop RGEs in MS @ Iarge—Nf — Closed subspaces

N
f _
8 = l T, 1),0,0,0] e ((ly® Ly) > 0,2 > ghy

Runaway flow

N
Adjoint-Nematic gﬂf = lo,o, — 8N(Nf— l)aol € <)?(Ab ® }ﬁu))() > (), g > glllk



SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢

L5 2L (H1loy ® L)p)? + (S, ® L) + =2 (7(A, ® ')y + - (5(A, ® 7))
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1
g3 = [@(1/N4) v T OQUND, O(UIN), 6(LIND) | €

(S, ® Lyy) > 0,8 > g3

— SSB SO(2N) — SO(N) X SO(N)
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Ny [Hawashin, MU °25, 2510.23725]



SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢
¢ @ @5 Py

Z D élv 71y ® 1y)p)* + 8 = (7S, ® 1) + —(7(A, ® 1)) + =—(7(A, ® 75)1)°
f

8 8

Singlet (Ising)

Symmetrlc -Tensor

Adjomt -Nematic

Adjomt -Pseudoscalar

OP RGEs (1-Loop) L + vy, ¢,., o, = yM x

y, = — (L +x)y,,%34=0

Susceptibility diverges for x, > ¢/2 — critical



SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢
¢ @ @5 Py

L5 2L (H1loy ® L)p)? + (S, ® L) + (1A, ® ')y + L (3(A, ® 7))
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Singlet (Ising)

Lesge s OP RGEs (1-Loop) & + y,p,,, ¢, =M, x
—
1
0.75 p, =—+x)y,,53,=0
=05
0.25 Susceptibility diverges for x, > ¢/2 — critical

0
0.25 M — ¢, critical VN, ¢, for Ny > Ny ~ 6.3
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SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢
¢ @ @5 Py

L5 2L (H1loy ® L)p)? + (S, ® L) + (1A, ® ')y + L (3(A, ® 7))

Adjoint-Pseudoscalar

Adjoint-Nematic

Singlet (Ising)

125 S OP RGEs (1-Loop) L +y,¢, , ¢, = yM y
—
1
0.75 — ¢, critical VN;, ¢, for Ny > N, . =~ 6.3
0.95 Extrapolate: N (V) ~ 0.56 + 1.48N + O(¢)

0

1 10 100 1000 [Han, Herbut ’25, 2506.20710]
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SO(2N) X 5O(NN;) Gross—Neveu Model in d=2+c¢
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Extrapolate: N (V) ~ 0.56 + 1.48N + O(¢)

— Two-Side Padé with 4-Loop 4 — ¢

N (4% ~ 8.9, N, (8)™% ~ 16.1

— No continuous SO(2N) SSB
in Gross—Neveu theory

— Observed transition likely 1st order
[Han, Herbut '23 + 24 + ’25, PRB]



Conclusion

» 3D Gross—Neveu: symmetry-enhanced SO(2N) D SU(N) subspace
» Mean Field: 2nd order transition where SO(2N) — SO(N) X SO(N)

- Leading Order RG ind =2 + ¢ : 2nd order only for No > N, . = 0.56 + 1.48N + O(¢)

in agreement with d=4 — ¢ (& QMC) [Han, Herbut '25, 2506.20710] [Rein, Herbut, Assaad, 2512.04626]

XS, Ly #0 X(Iy® 1)) #0
* Nf = | (Gross—Neveu) s L
1st order g 0 2.1 2nd order

Future Work: £ D g’jkl(‘i’i\Pj)(‘i’k‘i’l) — Template RGEs (2+ Loops)

Continuation to d = 3: Two-side Padé of GNY (crit. exp.), phase transitions, ...
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Backup: Order Parameter Susceptibility

P D> % D4

75 élv 71y ® L)) + 8 2 (US, ® L) + =2(7(A, ® 1)) + - (H(A, ® 75)7)’
f

SNV SV
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OP RGEs (1-Loop) L +v. ¢, , . = iM x

Adjomt -Nematic
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po=—U0+x)y, , X34 =0

n

0
Susceptibility (linear response) y, = <¢n> = [ddx(¢n(x)¢n(0))c

dy,

yp—0

At critical point (d = 2 + ¢€): divergent

~ETRY = N = 2 —e> 0 = x> €/2

20 — Max Uetrecht



