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Four-fermion models

. T — 2
L =iy ;A (Y1)
A =2—d

> non-renormalizable in d=3,47
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Not the case!!

> Key is nhon-perturbative methods

Number of fermion flavours
e

1) 1/N expansion

e.g. Moshe, Zinn-Justin 2003

Gross, Neveu '74
Gawedzki, Kupiainen ‘85

Loy = 153-\ (z@ — m) Vi + % (?@%)2

Flavour index
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e.g. Gross-Neveu theory:
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e.g. Gross-Neveu theory:
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Not the case!!

> Key is nhon-perturbative methods

2) Functional Renormalisation Group g s:

Morris ‘93
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Wetterich '93

2) Functional Renormalisation Group eiwangerss

Morris ‘93
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Not the case!!

> Key is nhon-perturbative methods

Wetterich '93

2) Functional Renormalisation Group eiwangerss

Morris ‘93
Quantum eff?ctive action, [}, /Hessian
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Four-fermion models

Not the case!!

> Key is nhon-perturbative methods

Wetterich '93

2) Functional Renormalisation Group eiwangerss

Morris ‘93
Quantum effective action, [}, Hessian

| - oy 1—1
\ B \_ /

RG scale, t = In(k) Regulator, Ry,
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What is known from this:

> non-perturbatively renormalizable in d=3.,4

Rosenstein, Warr, Park '89, de Calan, Faria da Veiga, Magnen, Seneor '91, Litim, Cresswell-Hogg 2026
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Four-fermion models

What is known from this:

> non-perturbatively renormalizable in d=3.,4

Rosenstein, Warr, Park '89, de Calan, Faria da Veiga, Magnen, Seneor '91, Litim, Cresswell-Hogg 2026

> Interacting UV fixed point
> finite # undetermined parameters!

(>finite dimensional UV critical surface)
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Four-fermion models

What is known from this:
e Combine 1/N and FRG? /V(l/jl/J),nO derivatives

> RG flow of fermionic ‘potential’ = exact!

Fermions and the Renormalisation Group at Large N: 2502.04473
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Four-fermion models

What is known from this:
e Combine 1/N and FRG? /V(l/jl/)),no derivatives

> RG flow of fermionic ‘potential’ = exact!

Fermions and the Renormalisation Group at Large N: 2502.04473

Line of Fixed Points in Gross-Neveu Theories : 2207.10115

> Line of UV fixed points: Zeimmtmmsiin ey e
> marginal (yy)3 coupling
> endpoint with spontaneous scale

symmetry breaking

XVI NEXT PhD Workshop The Cosener’s House, Abingdon 25/08/26 Freddie King




NJL-type Model
What about my NJL-type model?
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NJL-type Model
What about my NJL-type model?

> Include NJL-type 4-fermion
Interaction ~ WyY)*—Wy=y)* =2

New Dirac matrix ys bilinear
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(FRG+Large N still exact) New Dirse matrs x 5 bilinear

XVI NEXT PhD Workshop The Cosener’s House, Abingdon 25/08/26 Freddie King




NJL-type Model
What about my NJL-type model?

> Include NJL-type 4—fermion
Interaction ~ (1/)1/;)2—(1/;)/51/;)2 =

(FRG+Large N still exact) New Dirse matrs x 5 bilinear

> additional axial U(1) 4 symmetry!

XVI NEXT PhD Workshop The Cosener’s House, Abingdon 25/08/26 Freddie King




NJL-type Model
What about my NJL-type model?

> Include NJL-type 4—fermion
Interaction ~ (1/)1/;)2—(1/;)/51/;)2 =

(FRG+Large N still exact) New Dirse matrs x 5 bilinear

> additional axial U(1) 4 symmetry!

XVI NEXT PhD Workshop The Cosener’s House, Abingdon 25/08/26 Freddie King
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-0 -8 -4 -2 -1 -0.5 0 0.5 1 2 4 8 o
I I 1 1 I I I

; ; 3

iG, l(G*iT")
oo (oo} (oo}
4 -4 -4
2 —2 —2
1 -1 — 1
0.5 0.5 —0.5

>
0 " 0 +GCI’it . 0
-Gerit

-0.5 -0.5 -0.5
4 -1 A
-2 -2 -2
-4 -4 -4

Z
XVI NEXT PhD Workshop The Cosener’s House, Abingdon 25/08/26 Freddie King




NJ L-type Model What about my NJL-type model?

-0 -8 -4 -2 -1 -0.5 0 0.5 1 2 4 8 o
I I 1 1 I I I

; ; 3

iG, l(G*iT")
oo (oo} (oo}
4 -4 -4
2 —2 —2
1 -1 — 1
0.5 0.5 —0.5

>
0 " 0 +GCI’it . 0
-Gerit

-0.5 -0.5 -0.5
4 -1 A
-2 -2 -2
-4 -4 -4

Z
XVI NEXT PhD Workshop The Cosener’s House, Abingdon 25/08/26 Freddie King




NJ L-type Model What about my NJL-type model?
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+ \(E branch

Gaussian lll-defined Mﬂﬁﬁi‘?’e - (aussian
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> A given branch has semi-infinite
line of RG fixed points

(>related to non-analytic operators e.g ~z3/?)
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NJ L-type Model What about my NJL-type model?
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And last: bosonisation
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NJL-type Model
And last: bosonisation

> Exchange fermionic potential
V(Z) for a bosonic potential U(P)
and Yukawa interactions

N
P=0¢l6 (1 +ig)’)

Preserves U(1) 4
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NJL-type Model And last: bosonisation: V(Z) —» U(P), @%ﬁ;ﬁﬁ;@;w
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Thank you!
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