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» dimensional continuation            (?)

» interesting “web of dualities”

» toy theories for phenomena in d=4, e.g. confinement

» connection to topological field theories

How d=3 ?
» dimensional continuation         ,   

» FRG, lattice, conformal bootstrap, ... 

» large-N expansions around CFT 

Perturbation theory in d=3 ?

» effective theories at high-T (dimensional reduction) 



  

Facts of Life in d=3

2
Tom Steudtner



  

Facts of Life in d=3

2
Tom Steudtner

» fermions in d=4:  Dirac 4 complex → Weyl 2 complex
                       d=3:  Dirac 2 complex → Majorana 2 real



  

Facts of Life in d=3

2
Tom Steudtner

» fermions in d=4:  Dirac 4 complex → Weyl 2 complex
                       d=3:  Dirac 2 complex → Majorana 2 real

» RGEs only at even loops: 2-loop, 4-loop, 6-loop, ...

critical phenomena in d=3
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» Part A:  Purely Scalar: Tricritical O(N) theory

» Part B:   Scalar – Fermion theories
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& large N

[Townsend (1975-77)]
[Applequist, Heinz (1981-82)]

(1982)

[Bardeen,Moshe,Bander (1984)]

“N = ∞” line of FPs

Pisarski vs. line of FPs ? 

Why only “N = ∞” ?

non-perturbative BMB → no Pisarski?

perturbation theory vs.

saddle point methods & FRG
[Pisarski (1982)]

[BMB (1984)] 
[David et al. (1984-85)]

[Litim et al. (2017-20)] 
[Delamotte et al. (2017-20)]

[Applequist, Heinz (1981-82)]
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premature N → ∞ limit:              line of FPs

no smooth limit for finite N

stable scalar potential?
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» large-N:

integrate out H(x), G(x) – only G(x) at LO

» 2 PI effective action: field           and resummed propagator  
→ 2 PI effective potential:  constant field      and resummed mass  

only ‘+’ is perturbative solution, ‘-’ is non-perturbative  

» resummed propagator  

[Cornwall, Jackiw 1974]
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BMB captured by leading-order 2PI potential

NLO:

→ quantum corrections break scale symmetry,
      not BMB
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line and BMB are classical
artefacts

perturbation theory can 
compete with FRG here
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tensor structures
coefficient

= [1 term]2-loop + [9 terms]4-loop

= [1 term]2-loop + [8 terms]4-loop

field anomalous dimensions 

vertex corrections 

= [5 terms]2-loop + [132 terms]4-loop

= [5 terms]2-loop + [150 terms]4-loop

+ permutations
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    Generalised WZ theory

:  real superfields     → real scalar    ,  fermion

conditions

conditions
6 + 46

11 + 214

:  complex superfields     → complex scalar   ,  fermion



  

SUSY across Dimensions
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    at 4-loop     at 4-loop
   [Schröder, Stamou, TS, Uetrecht, 2512.02123]

   [TS 2507.18710]

   [Zerf, Mihaila, Marquard, Herbut, Scherer, 1709.05057]
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» d=4: requires non-Abelian gauge sector

» d=3: interacting UV fixed point in purely scalar theory 

→  sign 
→  perturbative

→  both 2-loop and 4-loop

[Coleman & Gross 1973, Bond & Litim 2016, 2018]

» fixed point with quartic Yukawas ?

small? negative?

[Heinz & Appelquist 1981, Pisarski 1982, Kvedaraitė & TS & Uetrecht 2025]
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» naive: all positive, no cancellations → no fixed point?

symmetric matrices M, N
with product antisymmetric 

→ Clifford algebra, spinor rep
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Conclusion
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» towards overview of perturbative critical phenomena in d=3

» purely scalar theory: NLO effective potential, BMB argument invalid

» scalar-fermionic theory: 4L templates
 new kind of IR fixed points

» up next: gauge sector
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