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Abstract: | shall review on field theory examples, the meaning of the concept of asymptotic safety in the context of low energy effective field
theories.
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Early considerations

A first discussion of the relevance of UV stable RG fixed can be found
in the article of Gell-Mann Low (1954) in the context of QED. The hope
there was to give some meaning to the bare Lagrangian. If QED would have
exhibited a UV fixed point. the bare coupling constant could have had a
finite limit for infinite cut-off. But, as it was found. in QED the origin is an
[R fixed point. Thus, a possible UV fixed point could only be non-trivial.
Such a fixed point has never been found in pure QED. This negative result
comforted another scheme. later called the BHPZ scheme., which claimed
that only renormalized perturbation theory is meaningful. and the bare
theory is just a book-keeping device. Moreover, as an apparent consequence,
QFT could only describe weakly-coupled theories. For example, the strong
nuclear force could not be deseribed ]n_‘i.' QFT and this led in the 1960ties to
the alternative development of the S-matrix theory (but alternatively series
summation methods like Padé approximants were also eventually proposed).
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The non-Abelian gauge theory revolution: quarks and asymptotic

freedom

The end of the sixties witnessed a series of spectacular new results. Deep
inelastic experiments at SLAC confirmed the quark idea and indicated that
Strong Interactions were in fact weak at short distance. The possible rele-
vance of renormalization group was emphasized (Callan-Symanzik). Non-
Abelian gauge theories were quantized and allowed completing the con-
struction of a consistent model deseribing Weak and Electromagnetic Inter-
actions. Finally. the discovery that a class of non-Abelian gauge theories is
asvmptotically free, that is, that zero coupling is an UV fixed point. yielded
an explanation for the weak interaction of quarks at short distance. Quan-
tum Chromodynamics (QCD) became part of the Standard Model of all
interactions, but gravity. This achievement was a triumph of the concept

of renormalizable quantum field theories.

Pirsa: 09110041

Page 7/44




e
. . . e

5§ | Ll =% L1 ! | 1] =
g : ST S R & e - o . .
- — - I---" - - Ll R - - - - - - -—I - Ll - 1 . ! -__
: , S

| perturba

Other theories. like the

. i % - 3 -
L - | -
| o | |
| | | 1 1
- }
[ - 1 - -
I

r 1976) eventu emerse -1 from such
ples. the existen UV fi : 3 seeming a suffi ! lition for
the existen f renormalized field theories ISistent Il s 5. Thi

s lat pplied to quantum gravit

Pirsa: 09110041

Page 8/44




The non-Abelian gauge theory revolution: quarks and asymptotic

freedom

T'he end of the sixties witnessed a series of spectacular new results. Deep
inelastic experiments at SLAC confirmed the quark idea and indicated that
Strong Interactions were in fact weak at short distance. The possible rele-
vance of renormalization group was emphasized (Callan-Symanzik). Non-
Abelian gauge theories were quantized and allowed completing the con-
struction of a consistent model deseribing Weak and Electromagnetic Inter-
actions. Finally. the discoverv that a class of non-Abelian gauge theories is
asymptotically free, that is, that zero coupling is an UV fixed point. yielded
an explanation for the weak interaction of quarks at short distance. Quan-
tum Chromodynamics (QCD) became part of the Standard Model of all
interactions, but gravity. This achievement was a trinmph of the concept

of renormalizable quantum field theories.

Pirsa: 09110041

Page 9/44




il 1 iy | 1 | L Lotd By LERRN) | 1 i1 i
IS ] [tel ! S | il ' al P L1 \roe distan ' 1 1 1vVibay
ne gi 1 exiSsten ' lantum neid ti I VIichn 19e] ida | -
. \ 55 7 T | - \
s b = - 1

} | 1 =, | |
= = s = s
3 ! \ - { |
i - 1 = i = - | \ - i

ples existen UV fixed points seeming a sufficient condition for
the existen f renormalized field theories consistent on all s s. This idea
s lat pplied to quantum gravit

Pirsa: 09110041 Page 10/44




Wilson's theory of critical phenomena

Another development (on which I started working in 1972 with Brézin and
Le Guillou) strongly influenced our view of QFT: Wilson's theorv of critical
phenomena (1971). It showed how QFT emerges in a completely different
context: the Ti;tl‘u;r distance ['ll“u}Ieril*rn of a 1:11’2}' class of contimuous [!hilri'
transitions with short range interactions can be described by statistical field
theories (QFT in Euclidean or imaginary time).

There, physics is initially deseribed by some microscopic model. like a
lattice model. which is not of field theory type and has no infinities.

However, to deseribe its large distance properties, the initial model can
be !‘i‘[‘leu'f*'l 'ir.‘f an effective local UFT The effective theorv contains all
possible local interactions consistent with symmetries, but the renormaliz-
able or Super-re normalizable terms are distinguished Tfl_‘u' the property that
they dominate long distance physics (at least in some neighbourhood of the

(Gaussian fixed point).
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Such a QFT is equipped with a natural cut-off, reflection of the initial
microscopic scale (like the range of interactions).

In this framework. bare field theory and cut-off have some physical reality:
the usual bare theory is the field theory reduced to the renormalizable and
super-renormalizable interactions.

Then. the large distance properties of the bare theory can be derived
directly from QFT bare RG equations (Zinn-Justin 1973).

In particular. the existence of the Wilson-Fisher IR fixed point (1972)
implies insensitivity to the cut-off regularization. that is. the ad hoc explicit
cut-off structure plays no role, and universal behaviour.

Finally, one can also introduce a QFT renormalized at a suitable large
distance scale (like the correlation length scale) and employ, for example,
Callan-Symanzik RG equations (Brézin. Le Guillou. ZJ 1972). The renor-
malized QFT appears as a convenient calculation tool if one is interested
only in determining the asymptotic. universal. large distance properties.
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Super-renormalizable effective field theories: the (¢~ ) example
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Super-renormalizable effective field theories: the (¢~ - example
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ynd higher dimension monomials. a situation that. remarkably enough. is
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[n the symmetric « 0 limit. the mass scale is given by
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Higher dimensions
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Quantum ChromoDynamiecs (QCD)

Q! s asymptotically free and. thus. asympf ly safe as the 2D non-
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General interactions and summary

From the viewpoint of critical phenomena, which we now consider also
as the relevant viewpoint for the theoryv of microscopic interactions. all field
theories are effective large distance theories. In a generic effective field
theory. all loecal interactions consistent with field content, symmetries... are
present. All monomials are affected by powers of the cut-off (which is the
scale of some new physics) dictated by power counting.

Leading effects of terms with positive powers of the cut-off either are
removed by fine tuning (this necessarily includes scalar mass terms) or gen-
erate infinite couplings. like in the example of the 3D (©?*)? field theory. IR
asvmptotic safety then requires the existence of IR fixed points.

The coefficients with renormalizable interactions have bv definition no
cut-off dependence and. under RG. have a logarithmic flow.

In IR free theories, the effective or renormalized interactions go to zero

for large cut-off and these theories have a limited energy range of validity.
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Only the existence of non-trivial UV fixed points (UV asymptotic safety)
and some fine tuning could produce a non-trivial theory.

UV asymptotically free theory like QCD or the 2D non-linear o-model
require some fine tuning to generate a mass scale much smaller than the
cut-off. They are then asymptotically safe and mathematical candidates to
be fully consistent renormalized theories.

Of course. in the case of several independent coupling constants. this
does not exhaust all possible situations. In a general situation. a more
detailed analysis is required. For example. situations with weak order phase
transitions can appear.

Non-renormalizable interactions are multiplied by negative powers of the
cut-off. The theorv of renormalization of composite operators tell us that
a given monomial renormalizes terms of lower dimension and. in addition.
simply generates corrections that vanish at large cut-off.

At least this is the generic situation.
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