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Interacting fermions in 3d dimensions

Four-Fermi field theories

@ continuum models:

e renormalizable in large-N; expansion Rosenstein, Warr, Park; Gawedzki, Kupiainen;
@ non-Gaussian UV fixed pOint(S) (Cp OG) da Veiga, de Calan, Magnen, Seneor
] Iarge N expansion Gracey; Hands, Kocic, Kogut; Dateki . ..
@ recent FRG-results on critical behaviour Gies, Braun, Janssen, Herbut, Borchard, Knorr,. ..
@ lattice theories:
e critical exponents/flavour number (staggered) ... Karkicinen et al.; Hands et al....
e fermion bag model (staggered) Chandrasekharan, Li
e domain wall fermions talk by S. Hands
o quantum Monte Carlo Hesselmann et al; Li; Wang; Otsuka, Yunoki, Sorella




Why relativistic Fermion systems

condensed matter systems

@ low energy description of tight binding

@ honeycomb lattice:
two atoms per unit cell, two Dirac points
= 4-component (reducible) spinor field

@ interaction-driven metal-insulator transition — Gross-Neveu (GN) model




Reducible models 5/24

4-component Dirac fermions (previous simulations)

@ from dimensional reductiond =4 — d =3
@ reducible 4-dimensional gamma-matrices I',, 1 =1,2,3
@ notion of chiralities

T4, M5, a5 =iM4ls, {7, Ta} = {5} =[,,Tas] =0
@ N; reducible 4-Dirac spinors: W = (¢1,...,9x,)7
WPV =iV (M9, @ 1,V

@ U(2Ny) symmetry generated by {1,4s,il4,il5} ® A, AT =—-A
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Reducible models 6/24

@ reducible Thirring-model

Loy = VigV — Z_—(Vr*w)?,  Z, x SU(2Ny) symmetry

g2
2N;
@ (W) order parameter for continuous symmetry (not (WlysW))

@ Gross-Neveu model

2
Lon = Vigv + %(\Tzw)z, Zp @ U(N¢) x U(N¢) symmetry
f

@ (VW) order parameter for discrete chiral Z;
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Irreducible models 7 /24

2-component (irreducible) Dirac spinors
@ irreducible v* are 2 x 2 matrices, no chirality
@ NI flavours of 2-component Dirac spinors, ¥ = (i1, ... s i)
@ Zy-parity and flavour-U(N}) invariant theories
92

2
— Vigw + L (D) — Vigy — I ()2
LGN \U@\U + 2Nf(\U\U) B ETh la 2Nf( Y )

@ (VW) order parameter for parity (chiral Ising class)

X3 = —Xg == 1z — i13%a, Va— iPay3 = (VV) — — (VW)
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Hubbard-Stratonovich transformation

@ reducible vs. irreducible case: consider Ny = 1 or Nif = 2

w_ (7 0 _ (¥ e T S
r= uls Y= = IO, = Y1y  Opth1 —hay" Ourb2
0 — 2
@ to standard kinetic term = WW|q = W45V ireq breaks U(NI)
@ mUV|red alternating sign of m
= expect no parity breaking in reducible case
@ Hubbard-Stratonovich transformation
EGN:\TI(iD(@ IIN‘)W+£02. D=@—oc
f 2g2 )
s

Lrh = @(ilD@ IlN,)\V + 297

‘/;LVH7 mza—lv

Andrea



Fermionic determinants 9/24

@ no sign problem for reducible models:

det (M(id, + V,.)) = (dety*(id, + V,.))> > 0
det(r*9, — o) = | det(y*9, — )2 >0

@ reducible N; Thirring-model < irreducible 2Ny model
@ reducible N; Gross-Neveu-model = phase quenched irred. 2N; model

@ but: sign problem for

e irreducible GN for all N
e irreducible Th with odd N

@ NI =1 : Thirring model = Gross-Neveu model
dual fOFmU|atI0n WIthOUt Slgﬂ problem talks by Wellegehausen
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(VW) condensate

@ small N¢ limit: (p4p) # 0 for Nif = 1
@ large-Ng limit:
Thirring: (VW) .0 =0
2m
%,
= PT for all GN, critical flavour number for Thirring talks by B. Wellegehausen and Hands
@ Fierz-rearrangement

Gross-Neveu: (VW) o=+ for g% > gZ

(U W) (B, W) = =2 " (§2°)(PP9%) — (BW)?
= L = V(id +iT +ig)V + i\lg}rz tr72 + 2Ng}~; #?

@ Ni-dimensional hermitian matrix field, ¢ real = dualization
@ severe sign problem
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lattice fermions 11/ 24

problems with previous lattice studies
@ Wilson fermions break parity and U(2Ny)

e staggered fermions: break SU(2N¢), severe tast-breaking Giedt et al.
] Chll’a| SLAC fermlOﬂS Drell, Weinstein, Yankielowicz
@ 0, real hermitean, non-local
@ identical internal symmetries as continuum-models
@ successfully tested/applied
e scalar field theories (lattice perturbation theory) G. Bergner
@ non-linear ON)—modeIs step scaling function o = 1.2604(13) vs. o = 1.261210
o VariOUS SUSy YukaWa mOde|S Ward indentities, masses, goldstino

@ used in pseudo-spectral methods
fails for gauge theories!




Critical behavior of Gross-Neveu models

@ this talk: reducible models
@ Simulation parameters
o latticesize V=Lx (L-1)x(L-1), L=8,12,16,20,24
o Ny =1,23,...
e rHMC, N¢ pseudo fermions
@ order parameter
@ Schwinger-Dyson equation

(W) = Aono), o= 3 o(x)

Andre f (TPI Jena)



Simulation results with continuum extrapolation Ny = 1
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lattice artifact phase at strong coupling: filling factor ~ 1 talk by B. Wellegehausen




Simulation results with continuum extrapolation Ny = 10

N =10
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@ critical exponents from finite size scaling (at criticality)
= need precise value for A\, = lim;_,, A:(L)
@ A (L) from peak of (L), expect

Aee(L) = A + @L7"(1 + B/ L)

@ (L) from Binder cummulant

@ intersection point on lattice L and lattice bL

_o1— b1/
UB(L7 b) = UB (1 + CL W)

Andreas Wipf (TPI Jena)



o
i
c
<
=}
£
£
=}
o
S
()
o
£
m

]
0.465 0.470 0.475 0.480 0.485

AGN

Binder cummulants for Ny = 1




Extrapolation of Ug and \; 17/ 24

0.475 i: fffff :t t

S 0.38 1 3 §§ 0.470 11
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; ; | n ; | | i
10 15 20 extrapol. 10 15 20 extrapol.
L L

N¢ ‘ A Binder Aer o-fit Ug
1 0.4742(7) 0.475(1) 0.364(3)
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Critical exponents from finite size scaling

@ order parameter
Z = {lof) oc L7

@ susceptibility
x =V ((6®) = (|o])?) oc L?*

@ v from slopes of Ug or log{|c|)

oug -, v
o =al (1+bL)
p= 2109l _ olSe) gy i

A (o)

@ compare with phenomenological renormalization
@ hyperscaling relation: satisfied, up to approx. +0.04
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Engels, Fingberg, Miller
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results for Ny
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Phase diagram for Gross-Neveu-Thirring model N; = 1

@ order parameter and susceptibility on coarse lattice

abs. of chlral condensate susceptlblllty
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Thirring model: is there no phase transition even for Ny = 17




Summary 24 /24

@ in this (and following) talk
@ successful simulations of four-Fermi theories with chiral fermions
e irreducible models may have sign problem
under analytical/numerical control (dual formulation)
understanding of lattice artifact phase
e exponents of GN models from finite size scaling
e large N¢ critical exponents # MF Ising model:

Ut = Up — ho + taxo® +as|o|®  Zrsymmetric, non-analytic

e critical N different for reducible and irreducible Thirring models
@ possible applications/outlook

e irreducible models with sign problem (dual variables)
@ interacting-Fermion systems in condensed matter (chiral Heisenberg, XY)
@ parity-restoring second order transition at finite 77 Pisarski and Wilczek; Kocic and Kogut
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