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Introduction

Interested in critical properties of condensed matter models

Generally interested in results in 3d but
↪→ perturbatively only accessible in 2d or 4d
Calculate anomalous dimensions/critial exponents of the ren. group
equations in 2d and/or 4d and extrapolate to 3d
Calculation of anom dim very well established field in particle physics
↪→ apply these methods here
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Models

Gross-Neveu-Yukawa [Zerf,Mihaila,PM,Herbut,Scherer ’17]

chiral Ising model
chiral XY model
chiral Heisenberg model

QED3-Gross-Neveu-Yukawa [Zerf,PM,Boyack,Maciejko ’18]

Néel algebraic spin liquid [Zerf,Boyack,PM,Gracey,Maciejko ’19]

Abelian Higgs model [Ihrig,Zerf,PM,Herbut,Scherer ’19]

lattice quantum electrodynamics [Zerf,Boyack,PM,Gracey,Maciejko ’20]

In short: Models with interactions between scalars, fermions and photons
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Problem

Model: Gross-Neveu-Yukawa

renormalised Lagrangian

L = Zψψ̄ /∂ψ + Zϕψ̄ψyµ
ϵ
2 ϕψ̄ψ +

1
2
ϕ(Zϕ2m2 − Zϕ∂2

i )ϕ+ Zϕ4λµϵϕ4

with O(N) symmetry

1 calculate corresponding β functions and anomalous dimensions in 4
dimensions (d = 4 − ϵ)

2 extrapolate to 3 dimensions
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Setup

Use computational setup similar to calculation of QCD β function @ five loops
[Luthe,Maier,Marquard,Schröder]

isolate ultraviolet divergences by introducing an auxiliary mass
expand required n-point functions in external momenta
reduce to master integrals NEW using finite fields
5-loop fully massive tadpoles need to be calculated
⇒ 4 top-level families, high-precision numerical results [Luthe ’15]

use PSQL at the end to obtain result in terms of zetas

Peter Marquard (DESY) A Loop Summit 2 5 / 22



Massive Tadpoles – 5 loop
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Massive Tadpoles – 5 loop

[Luthe ’15]
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Results

βλ(λ, y) =
dλ

d lnµ
, βy (λ, y) =

dy
d lnµ

βy = −ϵy +
5∑

L=1

β
(L)
y , βλ = −ϵλ+

5∑
L=1

β
(L)
λ

with one-loop coefficients

β
(1)
λ =36λ2 + 4λNy − Ny2

β
(1)
y =2Ny2 + 3y2

value of N corresponds to different physical scenarios
N = 2: graphene on a hexagonal lattice
N = 1: spin-less fermions on a honeycomb lattice
N = 5: for comparison with other methods
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Fixed points: N = 2

Solve
βy (y∗, λ∗) = βλ(y∗, λ∗) = 0

y∗ =

−
56967ζ3

2

13176688
−

9370620999331ζ3

755093162831616
+

19976417ζ4

1481167296
−

408151805ζ5

5489031744
+

9525ζ6

537824
−

46467ζ7

2151296
−

2263630018850239

736498993696887456

 ϵ
5

+

(
53897407ζ3

2221750944
−

165ζ4

19208
+

635ζ5

33614
+

355798279177

92460387285504

)
ϵ

4 +

(
2274385

634785984
−

165ζ3

9604

)
ϵ

3 +
533ϵ2

10584
+

ϵ

7

λ
∗ =

(
−

291071171435ζ3
2

15731107558992
−

701069774301193ζ3

81833221521876384
+

4358213827ζ4

1926258068448
−

46314065257ζ5

793165087008
+

2651375ζ6

130691232
−

9304531ζ7

82287072

−
20192282387582749855

20433428081126445579264

)
ϵ

5 +

(
2067645667ζ3

240782258556
−

45139ζ4

13224708
+

306275ζ5

8168202
+

17286322925167

10020394472066496

)
ϵ

4

+

(
−

47437ζ3

3306177
−

24550427

91726574688

)
ϵ

3 +
1691ϵ2

134946
+

2ϵ

63

insert into anomalous dimensions to get critical exponents
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Critical exponents: N = 2
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Critical exponents: N = 2 cont’d
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Going to 3 dimensions

d = 3 → ϵ = 1

maybe a bit too naive

better: use Padé approximation

even better: use two-sided Padé approximation including 2d data

2 dimensional Gross-Neveu model

LGN = ψ̄ /∂ψ + hϕψ̄ψ +
1
2
ϕ2

known up to 4-loop order, five loop still to do

4d GNY and 2d GN models belong to the same universality class
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Interpolation

two-sided Padé

P[m/n](d) =

∑m
p=0 apdp

1 +
∑n

q=1 bqdq

Interpolating polynomial

I[i,j](d) =
i∑

m=0

η
(2)
m (d − 2)m +

i+j+1∑
n=i+1

cn(d − 2)n
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Previous results
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ηψ: Padé
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ηψ: interpolating polynomial
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ηϕ: Padé
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ηϕ: interpolating polynomial
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ν−1: Padé
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ν−1: interpolating polynomial
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Conclusions

Calculated the five-loop corrections to the renormalisation constants of
the GNY model
reasonable agreement with other methods
need 5-loop 2d GN results to check for convergence and to ascertain the
uncertainty
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