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« 3d Gross Neveu

N fermions

o« UV divergences induces new operators in
the action
« Power-counting non-renormalizable!
« Breakdown of predictivity in the UV?
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A perturbatively nonrenormalizable variant of the Gross-Neveu model of Euclidean quantum

the aCtiOﬂ field theory with bare propagator p/p?~ € is considered. We outline a rigorous argument proving
that by appropriate choice of the bare coupling constant the model may be renormalized nonpertur-

batively, which results in a theory governed at short distances by a non-Gaussian fixed point of the

¢ POWe r_CO U ntl n g n renormalization group.
® B rea kd OWn Of p re PACS numbers: 11.10.Gh

During the last decade or so the old views on the In the present paper, we provide a rigorous argument

consistency of local quantum field theories, based on for the thesis that perturbative renormalizability need

® nOt a |Ways the perturbative classification into superrenormaliz- also not be a necessary condition for the existence of a
able, renormalizable, and nonrenormalizable cases, model of quantum fields. More specifically, we out-

have undergone a modification. The development of line a construction® of the fermionic model in two Eu-
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Asymptotic Safety in Perturbation Theory?

° GrOSS—Neveu: 2 + £ expa NSION [Wetzel, 1985] [Gracey, 1990] [Gracey et al, 2016]
« Effectively working in a renormalizable theory

o thlm'Sannan mOdel [Litim and Sannino, 2014]
. Renormalizable models of 4d gauge-Yukawa theories
o UV fixed point controllable in perturbation theory

« What about perturbation theory directly in the 3d Gross-Neveu model?
e Perturbation theory in a power-counting non-renormalizable theory?
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Renormalizing Power-Counting Non-Renormalizable Theories

Z =1y (id — My) Yo - io (Yoth)® +AWi )’

g g X X
g A
— p2 divergence = p8 divergence
—, New cour:_’t)erterms: —> more counterterms ...
(Widy)“+...

loop expansion breaks down
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Effective Field Theory

e Theory is governed by large mass scale A

L = (8- MY+ G+ G+

1

e |nstead of pure loop expansion, expand in N

e Can we do something similar that is not restricted to the IR?
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Fixed Points in Perturbation Theory

« renormalize and compute f-function

8
dln u

Go =y %8 = =

. only power-law divergences contribute to Z-
o in MS, these are setto zero = [, = g = no fixed point!

e We require a power-law sensitive renormalization scheme
« momentum subtraction

o Cutoft
e Dim-reg?
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» Integrand on the left-hand side is linearly divergent ind = 3

« The right-hand side is divergentind = 2,4,6,...
« Power-law divergences lead to divergences in d < 3 vetman, o1

« PDS: Renormalize bare couplings to remove divergencesind < 4

[Jack and Jones, 1990] [Al-Sarhi and Jack and Jones, 1992]
[Al-Sarhi and Jack and Jones, 1990] [Kaplan et al, 1998]
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Power Divergence Subtraction

« How to identity power-law divergences in dimensional regularization?

d
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 Integrand on the left-hand side is linearly cg

|
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. The right-hand side is divergentin d = 2,

. Power-law divergences lead to diverg °
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« PDS: Renormalize bare couplings to remq .., =55

[Jack and Jones, 1990] [Al-Sarhi and Jack and Jones, 1992] \

[Al-Sarhi and Jack and Jones, 1990] [Kaplan et al, 1998] \

pi4+m> _____\ 2

= ——— -

/ PDS fixed point in quantum gravity * \

\ ! \ \ I \
L /

‘ 0.15

-
P
P4
»’
V4
Y 4

-
-
------

\‘ | ¢ /¢¢’¢ -
4 -
PR

----_-.-~ ~~~~~

-] [YK, 2024]

V‘A\
F I
\‘ ﬂ

|
i



PDS Renormalization at 2-Loop

« We compute the renormalization of the parameters in the Gross-Neveu
Lagrangian

Vo =~NZey  My=pZym  Gy=p*Z;g

1



PDS Renormalization at 2-Loop

« We compute the renormalization of the parameters in the Gross-Neveu
Lagrangian

Vo =~NZey  My=pZym  Gy=p*Z;g

e and any potentially new induced divergences

1



PDS Renormalization at 2-Loop

« We compute the renormalization of the parameters in the Gross-Neveu
Lagrangian

Vo =~NZey  My=pZym  Gy=p*Z;g

e and any potentially new induced divergences

o Standard computational setup (QGRAF, FORM, FIRE, MATAD)

1



PDS Renormalization at 2-Loop

« We compute the renormalization of the parameters in the Gross-Neveu
Lagrangian

Vo =~NZey  My=pZym  Gy=p*Z;g

e and any potentially new induced divergences
o Standard computational setup (QGRAF, FORM, FIRE, MATAD)

« At 8-point function up to ~ 12000 diagrams
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PDS Renormalization at 2-Loop

« We compute the renormalization of the parameters in the Gross-Neveu
Lagrangian

Vo =~NZey  My=pZym  Gy=p*Z;g
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2. Can we control higher order operators?
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Perturbative Ordering Principle

d-—3
Co g*@

A5 =
O 4x2(dy — 3)

 Higher order couplings correspond to higher orders of the Gross-Neveu
coupling

e Consequence of power-counting
e |f 2. IS weak, this gives us a perturbative ordering principle
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Perturbative Ordering Principle

 Theory is governed by a UV fixed point g.

(o

V ave (¢ a ¢ aca Tadctza

 We expand the theory in powers of g

e Same power counting as in EFT!
e Power Counting is theory independent!

¢

higher order in g!
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How do running couplings affect
observables?
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Physics of Running Couplings

« 1-loop scattering yyw — wy
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Is Physics Scheme Independent?

e Bare coupling is scheme independent
73 a KRR 7478 a
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U UYs ( % 5 =~ 72 ( % 2
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Is Physics Scheme Independent?

e Bare coupling is scheme independent
73 a KRR 7478 a
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U UYs ( % 5 =~ 72 ( % 2

¢

« Large N resummed amplitude
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UhKU( T/_4I

o Fulfills Callan-Symanzik equation
« Scheme independent
e Falls off in UV, even in MS
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Conclusions and Outlook

« Applied perturbative methods to understand UV completion in the 3d Gross-
Neveu Model
o Sensitivity to power-law divergences is crucial
e« Higher order operators can be controlled within a coupling expansion

« Resummation through running couplings leads to UV finite observables

o Apply this to other “non-renormalizable” theories?
« Quantum Gravity beyond 1-loop

o Can power-law sensitivity improve standard EFTs?
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Any QuestionsE?



