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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]
o chiral Ising model
e chiral XY model
e chiral Heisenberg model

o 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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Model: Gross-Neveu-Yukawa
renormalised Lagrangian
- . 1 .
L=Zud + Zypuyu o0 + 50(Zpem? — Zy07)6 + Zys A *
with O(N) symmetry
@ calculate corresponding 3 functions and anomalous dimensions in 4

dimensions (d =4 —¢)
@ extrapolate to 3 dimensions
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Use computational setup similar to calculation of QCD /3 function @ five loops

[Luthe,Maier,Marquard,Schroder]
@ 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]

§
I

use PSQL at the end to obtain result in terms of zetas
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Massive Tadpoles — 5 loop
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Massive Tadpoles — 5 loop
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dy

Br(Ay) = dinp

By(A\y) =

d\
diny’
5 5
By = —ey + Zﬁ(L), By = —€e\ + Zﬂ&”
L=1 L=1
with one-loop coefficients
B =362 + 4ANy — Ny?

By =2Ny? + 3y
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
By(y*, A*) = Br(y",A*) =0
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insert into anomalous dimensions to get critical exponents
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Critical exponents: N =2
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Critical exponents: N = 2 contd
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Going to 3 dimensions

d=3—e=1
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Going to 3 dimensions

d =3 — ¢ = 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
LN = Gy + hoby + 38
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

>0 @pd”

M) = T e
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Interpolation

two-sided Padé

> oo @pad®
Pim/m(d) = 1 +pZ” 1 bgd?
q:

Interpolating polynomial

i i+j+1
Tia(d) = Y n(d-2)" + Y co(d - 2)"
m=0 n=i+1
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Previous results

Method and source N N 1/v
Large N [17, 28-33] 0.044 0.743 0.952
Monte Carlo [17] e 0.754(8) 1.00(4)
Monte Carlo [18] 0.38(1) 0.62(1) 1.20(1)
Functional renormalization group [23] 0.032 0.760 0.982
Functional renormalization group [23] 0.033 0.767 0.978
Functional renormalization group [23] 0.032 0.756 0.982
Functional renormalization group [24] 0.0276 0.7765 0.994(2)
Four loop d = 2 naive Padé [34] 0.082 0.745 0.931
Three loop d = 4 naive Padé [35] 0.0740 0.672 1.048
Conformal bootstrap [25] 0.044 0.742 0.880
Four loop d = 4 naive Padé [36] 0.0539 0.7079 0.931
Four loop d = 4 naive Padé [36] 0.0506 0.6906 0.945
Four loop two-sided Padé [37] 0.042 0.735 1.004
Four loop interpolating polynomial [37] 0.043 0.731 0.982
Four loop Padé-Borel [37] 0.043(12) 0.704(15) | 0.993(27)
Monte Carlo [21] 0.05(2) 0.59(2) | 1.01(1)
Conformal bootstrap [26] 0.04238(11) | 0.7329(27) | 0.998(12)
Conformal bootstrap [27] — 0.7339(26) | 0.998(12)
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ne: interpolating polynomial
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v~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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