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Why d=3 ?

» 2™ order phase transitions in condensed matter systems
» effective theories at high-T (dimensional reduction)
» dimensional continuation 3+¢ (?)

» interesting “web of dualities”
» toy theories for phenomena in d=4, e.g. confinement

» connection to topological field theories

How d=3?

» dimensional continuation 4—¢, 2+¢
» large-N expansions around CFT

» FRG, lattice, conformal bootstrap, ...

Perturbation theory in d=3 ?
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» 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, ...
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critical phenomena in d=3
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Agenda

» Part A: Purely Scalar: Tricritical O(N) theory

» Part B: Scalar — Fermion theories
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Tricritical O(N) model
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& large N
?BMB
Pisarski vs. line of FPs ? [Bardeen,Moshe,Bander (1984)]
U 3
Why only “N = c0” ? 1** Order SJ’Jnme

_________ tfj/‘

“N = 00” line of FPs

o
non-perturbative BMB — no Pisarski? @) g

perturbation theory vs. m
[Pisarski (1982)] [Applequist, Heinz (1981-82)]

saddle point methods & FRG

[BMB (1984)] [Litim et al. (2017-20)]
[David et al. (1984-85)] [Delamotte et al. (2017-20)] 4
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Effective Potential (LO)
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Effective Potential (LO)

» large-N: £ = 10,00"¢ — &n ¢° o(z) = (p+ H(z), G1(2),...Gn_1(7))T
integrate out H(x), G(x) — only G(x) at LO

» resummed propagator

- CL%

» 2 PI effective action: field () and resummed propagator X(Z,y)  [Cornwall, Jackiw 1974]
— 2 PI effective potent1a1 constant field ¢ and resummed mass M

NM?3 (47T) NM
LO __ _
Vapi = 2dm? 6.N?2 7 <SO 47 )
4t p?
+ = N1tnl only ‘+’ is perturbative solution, ‘-’ is non-perturbative
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Effective Potential (NLO)
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BMB instability

BMB captured by leading-order 2PI potential
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BMB instability
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BMB instability

BMB captured by leading-order 2PI potential
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Summary

line and BMB are classical
artefacts

perturbation theory can
compete with FRG here
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Part B — Scalar & Fermionic Theories
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field anomalous dimensions
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Template Formalism

1 1 1

L — bij — bed

L= 50u6a0"ba+ S0 Dt — 1Y " GubBithy — <™ Gubedadedy
field anomalous dimensions
ng = e YUY LI 4 = [1 term]aioop + [9 terms]iioop

W_J
T tensor structures
coeflicient

1]
Yoy = [1 term]sio0p + [8 terms]soop < + permutations
vertex corrections

3abij =[5 terms]saoop + [132 terms]sioop

Y

Bstdef = [5 termS] 2-loop T [150 terms]4'100P
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Crosscheck: SUSY

Generalised WZ theory W (®) = %)\ABCD Py PpPcPp
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Ln=1=—IANPPGa0p(Wchp) — =APCNLPEE 61 dpdcdpdrdr + . ..

_, YABCD _ yABCD nABCDEF _ \ABCG\GDEF | perms
AB _ _AB ABCD _ »(ABCD)
Yo T Ty 5 Py — Py ) } 11 + 214
B#BCDEF _ BéBCG)\GDEF 4 )\ABCGBSC;{’DEF + perms conditions
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SUSY across Dimensions

d =3 at4-loop d = 4 at 4-loop [TS 2507.18710]
[Schroder, Stamou, TS, Uetrecht, 2512.02123]
N =2 > N=1
N =1 > N=1/2 X
Tr [/yodd] # 0 TI' [,yodd} — O

[Zerf, Mihaila, Marquard, Herbut, Scherer, 1709.05057]
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B

— —Ba?+Ca®+.

o* = B/C + O(B?)

Perturbative Fixed Point

— both 2-loop and 4-loop
— sign BC' <0
— perturbative |B| < |C|
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Perturbative Fixed Point

B=—-Ba2+Cad+... — both 2-loop and 4-loop
— sign BC' <0

. 2
o = B/C+ O(B7) — perturbative Bl < |C|

» d=4: requires non-Abelian gauge sector [Coleman & Gross 1973, Bond & Litim 2016, 2018]

» d=3: interacting UV fixed point in purely scalar theory
[Heinz & Appelquist 1981, Pisarski 1982, Kvedaraité & TS & Uetrecht 2025]

» fixed point with quartic Yukawas ?
Byp=#n"+#Yn—#Y*
By = # Y |+ #Y° +#0°Y — #nY?°

small? negative?

14



Perturbative Fixed Points
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Perturbative Fixed Points

1 1 1 1 1
(47’(’)2 gw/b — ESQtr [Yaccd] chl + E52}/'abcdcal + §tr [Yacbd] ch + 5chalabcd + §S4Ya6bd6d

» naive: all positive, no cancellations — no fixed point?

(47)°tr [Y“bﬁﬁb]

— %tr(yaccb)tr<yaddb) + é(yabcd, Ya,bcd> 4+ %(Yljykl7 Yk’lyzg> n %(Yabycd’ chya,b> - 2<Yacch’ deyda,>

symmetric matrices M, N
with product antisymmetric

{M,N} =0
— Clifford algebra, spinor rep
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Example

£ = 3M¢;k3”¢z + iwia@,‘pia
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i i

0;) (arohithar) — 2=n(d; ¢:)®
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Example

L: = 3M¢;k3”¢z + i@m@%‘a

P

SO(3) x U(N) : 2x1 2x N
1 NY?
» large-N: =N Ay = (47)2

—-Y (¢

* _A
i i

0;) (arohithar) — 2=n(d; ¢:)®
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Example
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» large-N: € = N Qy = (47)2 Ay = (47)2
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spinor rep SO(3)



Example

L= 0,070"¢; + iViaPVia — Y (670505) Wanombar) — (0] ¢i)?

P

SOB)xU(N): 2x1 2xN
1 NY? U
» large-N: €= N Qy = (47T)2 Op = (47T)2

By = —deai + O(a?)
spinor rep  SO(3)

» perturbative control

€ 2
6 + 72 +0(€)

ay =

_ 12(3—|—7r2)62 L o)

k

an (6 + 7T2)2




Example

L = 0,¢;0" i + ithiaPthia — Y ( M‘}-%)(%w;ﬁwaz) — 357(8 6i)°

P

SO@3) x U(N) : 2x1 2 x N
1 NY? R
> large-N: ‘TN = (47)2 U = (47)2
6 L
BO(Y = —4e Oé%; -+ O(a?’) 5:UV
spinor rep  SO(3)
E
» perturbative control 530
* € 9 I
O‘Y:6_|_7T2+O(e) 5
1__ =
* 12(3 + 7T2) 2 ’ /,/IB/
Oy = (6+7T2)26 ‘|‘O(€) G: : ; : J‘ J‘




Conclusion

» 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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