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The Standard Model works

Fields

Gauge fields + fermions + scalars

Interactions

SUB) X SU2) X U(1) at EW scale

Yukawa: Fermion masses/Flavour

Scalar self-interaction Culprit: Higgs



Gauge Yukawa theorles

(Q HQ + h C. \ Yukawa
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Gauge Scalar self Interactions

4D: Standard Model, dark matter, ...
3D: Condensed matter, phase transitions
2D: Graphene, ...

4plusD: extra dimensions, string theory, ...



Fundamental theory

Wilson: A fundamental theory has a UV fixed point
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» Short distance conformality

e Continuum limit well defined 0'8:‘

* Complete UV fixed point

0.61
» Smaller critical surface dim. = more IR predictiveness »

0.47

* Mass operators relevant only for IR

0.27

0.0

The Standard Model is not a fundamental theory

Bednyakov, Mukhaeva’23



Asymptotic Freedom

Confining/chiral symmetry breaking

- In

Trivial Fixed point

* Non-interacting in the UV
* UV logarithmic approach
* Perturbation theory in UV

* IR conformal or dyn. scale

IR conformality/continuous spectrum
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Asymptotic Safety

Wilson: A fundamental theory has a UV fixed point

Trivial Fixed point

* Non-interacting in the UV

. Logarithmic scale dependence

Asymptotic freedom

~ Inu

S

Interacting Fixed point

* Integrating in the UV

. Power-law

Asymptotic safety

- Inpu



Does a theory like this exist?



Littm-Sannino Model

field | SU(N.)|UL(Ns)|Ur(Ny)
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gauge sector (QCD)
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Perturbative control

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

‘t Hooft couplings:

N, 92

Qg —

Small expansion parameter:
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Xy

1 loop gauge coefficient

Conformal expansion:

n loop gauge

' m loop Yukaw
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Conformal Window




How to probe the UV conformal window

R e e

. Directly from beta functions B y .. | €strict

’”%' fixed point values «, , ., ,(€) from g, ., =0

> coupling 0 < |a*| <1 [Weinberg, 1978]

> vacuum stability o), >0 and o + o) >0 [A.J. Paterson, 1980]

- . 1o . 0
‘#/y/ﬁ' critical exponents ¢}, as eigenvalues of stability matrix M, = afw
_Relevant e L ! la=a*
B; = M;; (a; — o) + subleading “ V1 <0< Y234

Irelevant

II. €-expansionof o} (e) and 9;(€) (series is exact up to third order)

|
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[1l. Strong coupling constraints o = 1



Investigation of UV conformal window

Bednyakov, Mukhaeva'24

® Gauge coupling ® Scaling exponents
; — 0.456€ + 0.781¢? + 6.610¢> + 0(64), 0; = —0.608¢% + 0.707¢> + 6.947¢* + 0(65)
a,, = 0.211e + 0. 508€* + 3.322¢° + O(e*), Oy = 2.737¢ + 6.6766* + 22.120¢° + 0(64)
o = 0.200€ + 0.440€* + 2.693¢> + O(e*), fs = 2.941€ + 1.041€% + 5.137¢> + O(*)
oy = —0.137¢ — 0.632¢” — 4.313¢” + O(¢*) 0, = 4.039¢ + 9.107€2 + 38.646¢> + O(e*)

€strict ~ (0.117 — 0.457) €strict ~ (0.091 —0.249)
Esubl ™ (0.117 — 0.363) Esubl 7 (0091 — 0234)



N. = 2n Ny=1ln+j e= 3

1
. 1— =
Ne=2m+1 Ny =1lm+5+7 e = 2
B | | | | | | | ‘ W | | | | | | |_
- 322 .
T
0.3 o ® |
I Effective theories ° ]
® o ®
] o o ]
0.2 P o
o 433 ° ° °
Pade ° .
01 _ FddC @ L e e e e e e o ® _ -
€ : .
Asymptotic safety ° o
0.0
Asymptotic freedom
-0.1 - -
4 6 3 10 12
N,

Safe QF'Ts: (N¢,NI) =(5,28), (7,39), (8,45), (9,50), (10,56), (11,61), (11,62), (12,67),....




Complete asymptotic safety

Gauge + fermion + scalars theories can be fundamental at any energy scales

0.03 |

Mukhaeva, in prep.

Bond, Litim'16 KScalars are needed to make the theory fundamenta
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Summary & Outlook

‘Computed all 5, in 433-scheme
"‘Computed a* and 8; up to O(e %)

Updated conformal window

¢ Tree-level vacuum stability — effective potential?

2¢ What about 544?

Thanks for attention!



