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Complete Asymptotic Freedom

All marginal couplings vanish in the UV

CAF conditions obtained at |-loop 1.0}
Gauge coupling drives CAF 0.8]
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Exact 4D Interacting UV Fixed Point

Litim and Sannino, 1406.2337, JHEP
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Veneziano Limit

+ Normalised couplings
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Impossible in Gauge Theories with Fermions alone

Caswell, PRL 1974
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Complete asymptotic safety

Litim and Sannino, 1406.2337, JHEP

Gauge + fermion + scalars theories can be fund. at any energy scale
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Scalars are needed perturbatively to make the theory fundamental
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08.04594v2 [hep-th] 11 Aug 2021

On Convexity of Charged Operators in CFTs S Q\.D.V' ‘:; VR(Si O ! a&'\ Uq L

and the Weak Gravity Conjecture
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2 Department of Physics, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel

e-mail: ofer.aharony@weizmann.ac.il, palti@bgu.ac.il /A (q> N (‘ Q\Q 0{ l',b(
= ol ©oFAaxn

The Weak Gravity Conjecture is typically stated as a bound on the mass-to-charge ratio

of a particle in the theory. Alternatively, it has been proposed that its natural formulation is

in terms of the existence of a particle which is self-repulsive under all long-range forces. We Vo) O\y L (/‘a* o Q (ﬁ < L'Q L
propose a closely related, but distinct, formulation, which is that it should correspond to a
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World wide situation

New cases: 515,104 Deaths: 3,386,825
Confirmed: 163,312,429

Vaccine doses: 1,407,945,776

*

World Health
rganization

World Health Organization
Worldometers.info
Johns Hopkins CORONAVIRUS May 19th 2021










Renormalisation Group Approach to Pandemics...

M. Della Morte, D. Orlando and F. Sannino, Frontiers of Physics 8, 144 (2020)

NAaturc : : : i~
2T Interplay of social distancing and border restrictions....

SCIENTIFIC , | | F. | | Rep 10, 15828 (2020
REPg}RTS G. Cacciapaglia and F. Sannino Sci Rep 10, 15 ( )

RG approach to pandemics as a time-dependent SIR model
M. Della Morte and F. Sannino Frontiers of Physics 8 (2021) 583
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Second wave COVID-19 pandemics in Europe: A temporal...
afillggN}Tlle'I!g G. Cacciapaglia, C. Cot and F. Sannino Sci Rep 10, 15514 (2020)
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Multiwave pandemic dynamics explained: How to tame ....
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nature Mining Google and Apple mobility data: Temporal anatomy for..
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Impact of US vaccination strategy on COVID-19 wave dynamics

SCIENTIFIC C. Cot, G. Cacciapaglia, A.S. Islind, M. Oskarsdottir, F. Sannino Sci Rep to appear
REPORTS - S

Calling for pan-European commitment for rapid and sustained

[HE LANCET SSretucHONNIESARS=COVE2NRNISCHONS
V. Priesemann, F. Sannino et al. The lancet 397 (10269), 92-93
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Evidence for complex fixed points in pandemic data
G. Cacciapaglia and F. Sannino article/rs-70238/v1 (accepted)



PHYSICS REPORTS

The field theoretical ABC of epidemic dynamics
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Epidemiological theory of virus variants

Giacomo Cacciapaglia’?* Corentin Cot'?! Adele de Hoffer3!
Stefan Hohenegger?$ Francesco Sannino®®%Yand Shahram Vatani®?|

June 16, 2021
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Complesso Universitario di Monte S. Angelo Edificio 6, via Cintia, 80126 Napoli, Italy
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Denmark

Abstract:

We propose a physical theory underlying the temporal evolution of competing virus variants
that relies on the existence of (quasi) fixed points capturing the large time scale invariance of
the dynamics. To motivate our result we first modify the time-honoured compartmental models
of the SIR type to account for the existence of competing variants and then show how their
evolution can be naturally re-phrased in terms of flow equations ending at quasi fixed points.
As the natural next step we employ (near) scale invariance to organise the time evolution of
the competing variants within the effective description of the epidemic Renormalization Group
framework. We test the resulting theory against the time evolution of COVID-19 virus variants
that validate the theory empirically.
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O Comment on this paper
Variant-driven multi-wave pattern of COVID-19 via S u b m Itte d
Machine Learning clustering of spike protein mutations

Adele de Hoffer, (2 Shahram Vatani, &2 Corentin Cot, {2 Giacomo Cacciapaglia, & Francesco Conventi,
Antonio Giannini, () Stefan Hohenegger, {2 Francesco Sannino

doi: https://doi.org/10.1101/2021.07.22.21260952




"WHEN GOULD WE TRAVEL AGAIN?"




RENORMALISATION GROUP

’ Renormalisation Group Approach to Pandemics...
frontiers M. Della Morte, D. Orlando and F. Sannino, Frontiers of Physics 8, 144



EPIDEMIC

LARGE AND SHORT TIME

SGALE INVARIANGE

200000

= Short times = obvious time invariance

= Long time = approx time invariance
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= Approx time dilation can be encoded
in an effective interaction strength
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EPIDEMIC RENORMALISATION GROUP (eRG) INA NUTSHELL

= The beta function encodes the underlying (pandemic) dynamics

Py = =re

a

= The zeros at @ = () and a = a enforce time-scale invariance at these two points

= The solution is

a(t) =

b + er!

= With b an integration constant



EPIDEMIC RENORMALISATION GROUP (eRG) INANUTSHELL

= The beta function encodes the underlying (pandemic) dynamics
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EPIDEMIC RENORMALISATION GROUP (eRG) INANUTSHELL

= The beta function encodes the underlying (pandemic) dynamics

do o
—ﬂ(a) — E =y (1 —;)

New cases example

week number




EPIDEMIC RENORMALISATION GROUP (eRG) INANUTSHELL

= The beta function encodes the underlying (pandemic) dynamics
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yi
eRG () = +—
b + el

= y controls the infection rate and the flattening of the epidemic curve.

N. Infected cases example

week number week number

= ¢%is the total number of infected

= b is a temporal shift Time structure well reproduced
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a=12.373 +0.005
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ADVANTAGES

Analytic expressions
Symmetry based
2 parameters per country

Time structures well described

New infected

Predictive near peak of new infected




NEAR TIME SCALE INVARIANCE

EXPLAINS STROLLING
PANDEMIC

= Approx time scale invariance

= Strolling pandemic (Sp) = linear growth

= eRG: natural framework for Sp
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COMPLEX eRG = CeRG [it reads “Serge’]

A tiny violation of large time scale invariance can be achieved via

B do B o, ) 0.05
—Pcerc(@) = = [(1 a) 5]

fixed points

with |[6| < 1
For p = 1/2 and 6 = ( it reproduces eRG _0.1

Complex fixed points for negative 0 0.0

=0, o=1-i/|0], am=1+i/|0]
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A predicting example:
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Crucial to keep the number of new cases as low as possible!
Prieseman, Sannino et al, The Lancet 397, P92-93
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