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Dirac, (LiSa) Majorana fermions

» UV conformal window in LiSa entirely accessible in perturbation theory — lessions for IR FP in QCD?
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— interacting fixed point ¢*, y*, u*, v* # 0
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Exact perturbative control

» Veneziano limit: Nf. — 00 but Ny /N, = const.

» introduce ‘t Hooft couplings:

N, g? N, y? Nyu NJ% v
p— = au = — —
Y0~ (am)? M (am)? (4rr)? M= ()2
» small and tunable expansion parameter: € = % i _% < €< 00
2
C

» 1-Loop part of gauge beta function: By = 043 [%6 + O(Ozl)]

» conformal expansion: a* = ear,o + €2 anLo + € aNNLO + ...

2-loop gauge 3-loop gauge 4-loop gauge
1-loop Yukawa 2-loop Yukawa 3-loop Yukawa
1-loop quartic 2-loop quartic 3-loop quartic
[Litim,Sannino, 2014] [Bond, Medina, [Litim, Riyaz, Stamou, TS, 2023]

Litim, TS, 2017] [Bednyakov, Mukhaeva, 2023]
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Conformal Windows of LiSa

Gaussian is UV FP

fully interacting UV FP

a';,y,u,fv # 0

Asymptotic Safety Effective

Confinement /Conformality Freedom

6I’Ila,X

— disappears outside of UV conformal window [0, €max]

— determine € — (Nf, Ne)min

— determine why
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» beta funCtiOnS /Bg,y,u,fu at 433: Bg @ 4L, By @ 3L, Bu,v @ 3L  [Litim, Riyaz, Stamou, TS, 2023]

— fixed point values a ,, , ,(€) from By 44 =0 upto €
— critical exponents {9, as eigenvalues of stability matrix M, = 86 a
191' a / Oé:Oé*
(az —al) = cps (Mﬂ) v <0< V234 v
0

» typical shape (all loop orders) L5 —uTr| ot pop! ¢ — vTr | " ] Tr | of 8]

By = 043 [%6 + bg(ag,y,u 6)] \

By = ay by(o‘g,y,ua €)

5u — bu(ag,y,U7 6)

» “single trace”

/B'U — fO(ag,y,ua 6) _'_ fl(agay7u7€) av _'_ f2(ag,y,U7€) a2

v

. . N . “double trace”
— quadratic shape, up to two solutions «;,* for each «

g,Yy,u



Constraints on the UV conformal window

» strong coupling: aj 2 1



Constraints on the UV conformal window

» strong coupling: &, 21  — not the case, entire window weakly coupled



Constraints on the UV conformal window

» strong coupling: o, 21  — not the case, entire window weakly coupled

» vacuum instability: FP potential needs to be bounded from below

classical potential: ~ a, >0 a,, +a, >0



Constraints on the UV conformal window

» strong coupling: a; 21 — not the case, entire window weakly coupled

» vacuum instability: FP potential needs to be bounded from below

classical potential: ~ a, >0 a,, +a, >0

» FP merger: UV FP collides with another solution at €,,,x, both become complex



Constraints on the UV conformal window
» strong coupling: a; 21 — not the case, entire window weakly coupled
» vacuum instability: FP potential needs to be bounded from below

classical potential: ~ a, >0 a,, +a, >0

» FP merger: UV FP collides with another solution at €,,,x, both become complex

0.08 ¥
0.06 + // N
1 -
Qy |y

¢
0.02
0.00} IR

0.00 0.02 0.04 d 0.08 0.10 0.12
9 [Bond, Litim, Medina ‘20]



Constraints on the UV conformal window
» strong coupling: a; 21 — not the case, entire window weakly coupled
» vacuum instability: FP potential needs to be bounded from below

classical potential: ~ a, >0 a,, +a, >0

» FP merger: UV FP collides with another solution at €,,,x, both become complex

0.08 ¥
,/ IR — single trace merger in o}, , system
0.4 # + + \/ : 191 (emax) =0
Oy |y /
\ uv — double trace merger: two solutions «; for same Qg
.02 - 193(€max) =0
0.00, IR

0.00 0.02 0.04 d 0.08 0.10 0.12
9 [Bond, Litim, Medina ‘20]
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» € — expansion of «;(e) and 9;(e)
—> series is exact up to third term
— hints for vacuum instability Pade [2/1]
o +ait A +0.0625 ¢ —0.19262 — 1.6263 + . .. Evac ~ 0.327 » 0.087

— unstable second solution
o +afT & —0.673e—0.761€* —1.95¢> + ...

— hints for single trace merger

Pade [3/1]
91 ~ —0.608 €2+ 0.707 €+ 6.947 ¢* + ... €mer1 ~ 0.249 >

0.091

— no hint for double-trace merger
U3 ~ +2.941 e+ 1.041 €2+ 5.137 € + ...

» € — expansion is short! Higher order estimates:
— Padé resummation of €- expansion

— Numerical solution Bg,y,u,o = 0

— Separatrix expansion [sep(a, €) =0 and resummations in &« [ — Nahzaan Riyaz Poster]
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—> Bsep = 59 Wlth @ = aQ’ ay,u,v — ng,L,v(E) o
/=1

» Expansion in o around Gaussian (weak branch)

B day (@)

By = 222,

» effective 4L beta function along separatrix, single coupling

Bsep — Z AE(E) 05£+1
=1

— complete € dependence up to A,
— requires 432 RGEs
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Merger vs. Vacuum Instability

€max 0.078...0.081 0.087...0.088 0.093...0.095
gu g 322 432 B2l 433

sep . sep
€ expansion

single-trace merger dominated:

— vacuum instability ?! vacuum instability

depart from e - expansion compatible with e- expansion

» Is the merger dominant?

» Is the problem Bsep vs. Bgyuw ? Higher loops?

» Influence of quantum corrections to vacuum stability?

14
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» Boundedness from below of classical potential — quantum effective potential
— additional loop corrections for o* 4+ a* > 0 [Litim, Mojaza, Sannino, 2015]

» Expansion of scalar around classical background field ¢;; = hd;; +&;; and integrate out ¢;;

» effective potential along close to UV FP due to RG invariance
field dependence

‘/e . > 27,/ (1=p,) 4 2 h2
4 ﬁ:2 — aw(ea ZO) h4 <_) with z = ( ﬂ-) —
( 7T) T <0 Nf 7]
parameter
sign determines h >0 ~
stability

» determine ¢« by matching fixed order computation at z = zg

— two loops for o up to €
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» Expansion of scalar field around classical background field U(Ny) x U(Ng)g — U(Ny)y
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Summary 2

» conformal window in weakly coupled regime — 433 and effective potential

» increased consistency between conformal expansion and resummations

» effective potential widens CW 0.2

» resummations predict

€max ~ 0.08 — 0.10
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» vacuum instability or single-trace . i
merger — mystery remains o 0.1 I = .

» higher loops? 7s-problem
different approaches?
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