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® Lattice field theory:

- Quantum Mechanics with Path Integral  (demo)

» - Lattice ¢*

- Scalar QED — QCD

® Monte Carlo
® Finite temperature: Y-M deconfinement transition

® Fermions:

Continuum symmetries

Species doubling

Numerical simulation

Finite temperature

® Finite chemical potential:

- Expectations
- Sign problem

- Imaginary chemical potential



QFT on the lattice: ¢*

® Start from Euclidean Lagrangian density:

1 1 Jgo
L= 5 (0ud0) + ymidh + 268, Sp= / Prdr Lp = / 'z L

Note: go = O (ie. repulsion), otherwise action unbounded from below

® Same path integral formalism as in QM: 7 = /ngo exp[—SE(gbo(a?, 7‘))]

® Ateach time T, field configuration ¢o(z): R* = R

Discretize space and time: hypercubic grid, lattice spacing (I, (could choose a, # ay)
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® Dimensionless variables: [Lg] ~ mass® = [$o] ~ mass, |go] ~ mass’

apg = V2Kk0; a2m8 =

— SL=) |26 od(@)d(x + i) + ¢(z)” + Ap(z)* —1)* — A

T




® K~ “hopping parameter”; A — 400 Ising limit ( ¢(z) = £1)

® Two parameters as before: (mo, gg) A (/{, )\)

a(k, \) determined by dynamics (unlike QM)

® Continuum limit a — 0? Physics is defined by [measurable] Green’s functions

(6(z)9(0)) — (¢)° ~ exp(—Mmyphys|z|) = exp(—|z|/&), & correlation length
£ 1

~ exp(—(amphys) X |.CU/CL|), 5 — aAMph
phys

§

Fix physics (Mphys fixed). Then a — 0 =— = — o0, ie.2nd order phase transition
a

> (first- versus second-order transition, Ehrenfest, etc..)



Universality of critical behaviour: éf(p =0, L, g, a) — é(

independent of particular lattice discretization
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® Must take: thermodynamic limit [, — oo (first); continuum limit @ — () (second)

® Second-order P.T. usually associated with spontaneous breaking of global symmetry

Here: Z9 symmetry ¢($) — —qb(:z:) Vx, ST unchanged; order parameter <(b>

<¢> =0 1/8
(¢) # 0 .

fre

<p>#0

<p>=0
Isi

0

0.075..

ng

)\ + oo

® Note: physical parameters (eg. mass) have NOTHING to do with bare parameters (K, A)



® Back to continuum QFT: ¢(k \/_/d4a: e~ "o (z), [P] = mass™?
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® Renormalized coupling JR from 4-pt fct. (¢(k1)d(k2)d(ks)p(ka)), ki =0 — xa= (> d(x)d(y)(2)¢(0))
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® Choose any \ (even infinite) and approach critical line:

<¢>=o\‘\ ® Long-standing theoretical question
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® Higgs sector of Standard Model is similar: ¢ — ( b1+ 102 )
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- Weakly interacting Higgs sector is just effective theory

62 _ N 2 2
- Tree-level:  Viree = %ngbQ + %¢4, m2<0 — v=+=+ Ggm d=v4+0, Vieee ® —mM“0
2
mass g i Gr g 1
=,/2 v = 246 GeV — = —
v \[3 with ( V2 8M2, My—2r 202 )

Larger Higgs mass ——> larger coupling ¢ ——> perturbative treatment wrong




m, = 175 GeV

o, (M,)=0.118
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Upper bound from non-perturbative regime

(cf. Landau pole)

Lower bound from vacuum stability

(g(A) becomes negative from top quark)
(cf. 1308.5075)

for A near the Planck mass




