Multilepton signatures
from vector-like fermions

Daniel F Litim

US

University of Sussex

loP Workshop @ U Sussex
15 June 2022



us
standard model

local QFT for fundamental interactions

strong nuclear force
weak force
electromagnetic force

degrees of freedom
spin 0, spin 1/2, spin 1

perturbatively renormalisable &  predictive



us
standard model

local QFT for fundamental interactions

strong nuclear force
weak force
electromagnetic force

open challenges

what comes beyond the SM ?
(how does gravity btin?)
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w e thinking UV

idea;:

Improved UV behaviour - stability, predictivity

Wilson 071

Interacting UV Pxed pointS  gaiin, Love Smeinberg 579

offers new directions for BSM physics



thinking UV

asymptotic near freedom conjecture (1974)

Orunning couplings achieve
interacting RG bxed pointO

ASYMPTOTIC NEAR FREEDOM

D. BAILIN and A. LOVE

School of Mathematical and Physical Sciences, University of Sussex.
Brighton, Fngland

Received 13 February 1974

Abstract: The possibility that the asymptotic behaviour of the structure functions for electro-
production or neutrinoproduction is controlled by a renormalisation group fixed point near David Bailin
the origin. but not at the origin. is discussed.

Nuclear Physics B75 (1974) 159-170.



thinking UV

asymptotic near freedom guaranteed (2014)

Asymptotic safety guaranteed

requires:
Daniel F. Litim® and Francesco Sannino’ g a u g e,

@ Department of Physics and Astronomy, University of Sussex,
Falmer Campus, Brighton, BN1 9QH, U.K.

m
bCP3-Origins € the Danish Institute for Advanced Study Danish IAS, Univ. of Southern Denmark, f e r m I O n
Campusvej 55, DK-5230 Odense, Denmark ,
E-mail: d.1itim@sussex.ac.uk, sannino@cp3-origins.net & S I r
ABSTRACT: We study the ultraviolet behaviour of four-dimensional quantum field theories
involving non-abelian gauge fields, fermions and scalars in the Veneziano limit. In a regime u
where asymptotic freedom is lost, we explain how the three types of fields cooperate to fle I d s

develop fully interacting ultraviolet fixed points, strictly controlled by perturbation theory.
Extensions towards strong coupling and beyond the large-/N limit are discussed.
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thinking UV

Lagrangean

1 » .
Lym=—-5Tr F*"F,,  gauge belds gauge coupling

Lr=Tr(Qil) Q) fermions

Ly =yTr(QHQ) Yukawas
Ly=Tr(0,H 0"H) scalar belds

Ly=—-uTr(H H)?

Ly =—uv(Tr H'H)*. guartics
scalars are Omeson-likeO, H_ij

no asymptotic freedom, yet, stable and predictive
OUV completeO



thinking UV

what do we know?

works for simple gauge theories with matter
works for semi-simple gauge theories with matter
works with supersymmetry

works for strongly coupled theories



thinking BSM

m|n|ma| fram eWOrk: AD Bond, G Hiller, K Kowalska, DF Litim, 1702.01727 (JHEP)
SM gauge symmetry SU@B)c! SUR). ! UQ)y

\ |/

r~ Vg Ravors of BSM fermions 'i(R3,R2,Y) ==
BSM singlet scalars Sij '

features: vector-like fermions
global Ravor symmetry  U(Ng)! U(Ng)

single BSM Yukawa coupling
meson-like scalar



thinking BSM

anomalous
magnetic moments

A Bond, G Hiller, K Kowalska, DF Litim,

Directions for model building from asymptotic safety, JHEP1708 (2017) 004

G Hiller, C Hermigos-Feliu, DF Litim, T Steudtner,
Asymptotically safe extensions of the Standard Model and their avour phenomenology 1905.11020

Anomalous magnetic moments from asymptotic safety 1910.14062

Model building from asymptotic safety with Higgs and [3avour portals 2008.08606
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us anomalous
magnetic moments

whatOs the new physics?
to date: about 60 BSM models can explain the data

All but two treat electrons and muons differently
l.e. lepton universality manifestly broken



thinking BSM

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

ESTy

<

BSM matter SM matter
lepton universality intact

Yukawas explain AMMs



w e thinking BSM

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

ES™yr

feature: BSM Yukawas can explain
anomalous magnetic moments



W thinking BSM

new vector-like BSM fermions + scalars
new Yukawas + portal interactions

OminimalO®

~ (me/mu)z L (Mme/m )



s thinking BSM

University of Sussex

natural explanation for both AMMs

minimal

2
not accessible (Mme/m )




W thinking BSM

constraints
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thinking BSM
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L e thinking BSM
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new multilepton signatures



pair production

d (Ve
P
Tl 0
b)
d (i a
aw
%4

U v /10

d)



new multilepton signatures

OunusualO decay patterns

Vith; — €5 S50 Sk — €5 X0 650 0F

J J v

allows SM null tests
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LT distribution
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multilepton signatures
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multilepton signatures
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C O n C I u S I O n S University of Sussex

new model building ideas

stability
predictivity

Interesting signatures at colliders

SM null tests, and more!






