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Figure 3.12: Two possible phase flows for the rabbits vs. sheep model of eqs. 3.61.
Left panel: k > r > k'~'. Right panel: k <r < k'~




Exact Five-Loop Renormalization Group
Functions of ¢*Theory with O(N)-Symmetric

and Cubic Interactions.

H. Kleinert and V. Schulte-Frohlinde
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Figure 1: The Stability of the fixed points in the ¢*-theory with O(N)-symmetric and

cubic coupling for N < N, and N > N_.. Our results are compatible with N. = 3.



You can't connect the dots looking forward; you
can only connect them looking backwards. So you
have to trust that the dots will somehow connect
in your future. You have to trust in something -
your gut, destiny, life, karma, whatever.

Steve Jobs

are, and ask why ... I dream of things that never
were, and ask why not?

Robert Kennedy






* New techniques:

Bifurcation Theory

* New predictions:
3d O(N) model
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* New techniques:

Bifurcation Theory

* New predictions:
Conformal dimensions in 3d QED A'NE,,

A4—fe1“mi —d ~ \/Nf o N;rit

In fact, contrary to what some of the
proposed scenarios might suggest/

A4—fermi —d ~ (Nf o NJ(‘Erit)



4-component Dirac
spinors

spontaneous “chiral”
symmetry breaking:

U(QNJC) — U(Nf) X U(Nf)

' N\ N\




Condensed Matter Applications

27" + unconventional quantum
Hall effect in graphene

» underdoped and non-superconducting phase of
high-T; cuprate compounds:

- N < 2 means the superconducting phase in these
CuO:2 layers is separated from the antiferromagnetic
phase by an unconventional non-Fermi-liquid phase

- N¢" > 2 means a direct zero-temperature phase
transition from the d-wave superconducting phase to
the antiferromagnetic phase



N}Erit Method Year and Reference
<2 F-theorem 1999 [38,61]
1.5 lattice simulations 2008 [62]
<2 @loop e—expansy 2015 [63]
<9 Hybrid Monte Carlo 2002 [55, 64, 65
2.16 divergence of the chiral susceptibility 2002 [66]

2.89 e-expansion 2016 [67]

32 ~3.24 Schwinger-Dyson equations 1984-88 (37, 54]
<4 F-theorem 2015 [68]
4 covariant solutions for propagators 2004 [69]
4.3 Schwinger-Dyson equations | 1996-97 [70,71]
6 @E;tive RG in the large-N; 11m/1t> 2004 [56]
5.1...6.6 ﬁnparlson to the 1‘n1rrinmel 2007-12 [72,73]
4~ NP < Neonf < 10 functional RG 2014 [52]

Q Table 5: Search for the critical value of Ny in non-compact QED:.




° Lar'ge Nf: N}Erit = 06 [K.Kaveh, I.Herbut, 2004]

4-fermion
self-interaction

(T 0")°

* One-loop 4-¢ expansion: N§t<2

d— Ao = ANy + 142 /N? + Ny +25)

2N (

[L.Di Pietro, Z.Komargodski, I.Shamir, E.Stamou, 2015]



° Large Nf: [K.Kaveh, I.Herbut, 2004]
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* One-loop 4-¢ expansion: N§t<2
d — Apgomi =~ 0.54 (N§" — Ny)

[L.Di Pietro, Z.Komargodski, I.Shamir, E.Stamou, 2015]



Transcritical Bifurcation
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Transcritical Bifurcation
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» Codimension-2
» Structurally unstable

= A_d ~ \/j\ff—J\fL;grit



“resolution”

" 4

.
. S,

— o - = = ==
-
-




* cf. “naturalness” a la K.6.Wilson, 6. + Hooft, N.Seiberg, ...
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Adding higher-order terms







