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Motivation

The Quest for a No-Lose-Theorem at Future Colliders

Motivation The Standard Model and beyond

Is the SM doomed?

Experimental deviations have also arisen:

B-physics anomalies:
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R(D(⇤)) =
BR(B ! D(⇤)⌧⌫⌧ )

BR(B ! D(⇤)`⌫`)
,

with ` = µ, e

Hints of Lepton Flavour
Universality (LFU) violation

b ! c`⌫` transitions: Flavour
Changing Charged Currents
(FCCC)

Other anomalies also present in
b ! s`+`� transitions: Flavour
Changing Neutral Currents
(FCNC)
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Some measurements at low energies don’t fit perfectly to the Standard Model . . .
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Motivation

The Quest for a No-Lose-Theorem at Future Colliders

Motivation Towards a “No-Lose” Theorem for future colliders

Parametrizing indirect NP signals in future colliders

Illustration of the logic:

The g � 2 Scientific Seminar (2023)

[muong-2.2023]

Measurements done so far

(e.g. (gµ � 2)) restrict the

SMEFT parameter space

Presence of non-zero Wilson

Coef. (might) a↵ect kinematic

distributions in future colliders
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Can we use them to predict which discoveries a new (expensive) high energy collider should see?
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Motivation

Scanning Large Parameter Spaces

Would like to use Hamiltonian Monte Carlo
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Motivation

Scanning Large Parameter Spaces

Therefore, we exclude the Netherlands from general averages and
correlation studies, but still display the results for completeness.

The primary and subsequent cases on average amounted to 2200
(95% CI [986, 3308]) cases per million inhabitants (Fig. 1c and Sup-
plementary Table S2). This amounts to about 0.84 million (CI: [0.39M,
1.26M]) cases related to the Euro 2020 in the 12 countries (cf. Sup-
plementary Table S3). With the case fatality risk of that period, this
corresponds to about 1700 (CI: [762, 2470]) deaths, assuming that the
primary and subsequent spread affects all ages equally.Most likely this
is slightly overestimated since the age groupsmost at risk fromCOVID-
19-related death are probably underrepresented in football-related
social activities and thus more unlikely to be affected by primary
championship-related infections. However, the overall number of
primary and subsequent cases attributed to the championship is
dominated by the subsequent cases, and the mixing of individuals of
different age-groups then mitigates this bias. Individually, three
countries, England, the Czech Republic, and Scotland showed a sig-
nificant increase in COVID-19 incidence associatedwith the Euro 2020,
and Spain and France show an increase at the one-sided 90% sig-
nificance threshold. In other countries such as Germany, only a rela-
tively small contribution of primary cases was associatedwith the Euro
2020 championship, and a small gender imbalance was observed. Low
COVID-19 incidence during the championship or imprecise temporal
association between infection and confirmation of it as a case can lead
to a loss of sensitivity and hinder the detection of an effect, as can be
seen from the large width of several posterior distributions (e.g., Italy
and Slovakia, which had particularly low incidence).

The strongest effect is observed in England and Scotland
Overall, the effect of the Euro 2020 was quite diverse across the par-
ticipating countries, ranging from almost no additional infections to
up to 1% of the entire population being infected (i.e., from Portugal to
England, Fig. 1). To illustrate this diversity, the comparison between
England, Scotland, and the Czech Republic is particularly illustrative

(Fig. 2). For all countries,wedisentangled the cases that are considered
to happen independently of the Euro 2020 (Fig. 2a, gray), the primary
cases directly associated with gatherings on the days of the matches
(red), and the subsequent infection chains started by the primary cases
(orange; see Supplementary Figs. S24–S36 for all countries).

England, being the runner-up of the championship and thus
played themaximumnumber ofmatches, displays the strongest effect
over the longest duration, with a substantial increase in reproduction
number ΔRmatch towards the last matches of the championship. This
reflects the increasing popularity of the later matches, as e.g., quanti-
fied by the increase of the search term on Google (Supplementary
Fig. S20). Scotland shows a particularly strong effect of a single match
(Scotland vs England) staged in London during the group phase, with
ΔRmatch = 3.5 [2.9, 4.2] (Fig. 2c). This means that on average over the
total Scottish population, every single person infected additional 3.5
persons at or around that single day. These are very strong effects. As a
consequence, in Scotland the subsequent cases from the single match
accounted for about 30% of the cases in the following weeks, illus-
trating the impact of such gatherings on public health.

Low overall incidence prevents large match-related spread
In theCzechRepublic, the situationwasdifferent compared to England
and Scotland, although the analyses point to similarly strong gather-
ings on thematchdays (i.e., largeΔRmatch, Fig. 1a).However, becauseof
theoverall low incidencemuch fewer peoplewere infected throughout
the championship. The advantage of low incidence or fewer games is
illustrated in two counterfactual scenarios. Even under the assumption
that the Czech team had continued to the final and the population had
gathered exactly like the English (i.e., showing the same ΔRmatch in the
matches they played), the total number of cases (per million) would
have been more than 40 times lower than in England, owing to the
lower base incidence and a lower base reproduction number (Fig. 2d).
Assuming, as a counterfactual scenario, that England had dropped out
in the group stage, the number of cases associated with the Euro 2020

Fig. 2 | Example cases illustrate that the spread associated with the Euro 2020
can encompass a substantial fraction of the observed cases. a The model
enables one to split the observed incidence (black diamonds) into: cases inde-
pendent of Euro 2020matches (gray area), primary cases (directly associated with
Euro 2020 matches, red area), and subsequent cases (additional infection chains
started by primary cases, orange area). See Supplementary Information for all
countries (Supplementary Figs. S24–S36).Here and in all following figures, the light
blue shaded area signifies the time span of the Euro 2020. b Football-related
gatherings, and hence the case numbers, show a gender imbalance. This facilitates
the inference of the football-related increase in COVID-19 spread. Here the tur-
quoise shaded areas correspond to 95% CI. c The effect of social gatherings at
match days is modeled as a single additive increase in the reproduction number

ΔRmatch concentrated on the day of each match. For example, ΔRmatch = 2 means
that, on the day of the match, each infected individual on average infected two
additional persons (on top of the base trend). d, e The counterfactual scenario
assumes that England would not have reached the knockout phase (d, Scen. 1), or
that the Czech fans and matches would have been equal to the English (i.e.,
reaching the final, and Czech people doing the same football-related gatherings as
the English by their impact on disease spread; e, Scen. 2). f In the counterfactual
scenarios, the Euro 2020 would have hadmuch smaller impact with fewermatches
(Scen. 1), or with an overall more favorable pandemic situation as in the Czech
Republic (Scen. 2). White dots represent median values, bars and whiskers corre-
spond to the 68% and 95% credible intervals (CI).

Article https://doi.org/10.1038/s41467-022-35512-x

Nature Communications | ���������(2023)�14:122� 3

We are using HMC as a community (invented in Lattice QCD) and even myself
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Motivation

Scanning Large Parameter Spaces

individuals of gender g by individuals of gender g 0

Reff,g,g 0 ðtÞ=RbaseðtÞCbase,g,g 0 +ΔRfootballðtÞCmatch,g,g 0 +ΔRnoiseðtÞCnoise,g,g 0 ,

ð4Þ

where Cbase,g,g 0 , Cmatch,g,g 0 , and Cnoise,g,g 0 describe the entries of the
contact matrices Cbase, Cmatch, Cnoise respectively (purple boxes
in Fig. 4).

This effective reproductionnumber is a functionof threedifferent
reproduction numbers (yellow and orange boxes in Fig. 4):
1. A slowly changing base reproduction number Rbase (22) that has

the same effect on both genders; besides incorporating the epi-
demiological information given by the basic reproduction num-
ber R0, it represents the day-to-day contact behavior, including
the impact of non-pharmaceutical interventions (NPIs), voluntary
preventive measures, immunity status, etc.

2. The reproduction number associatedwith social gatherings in the
context of a football match Rmatch(t) (11); this number is only dif-
ferent from zero on days with matches that the respective

country’s team participates in and it has a larger effect on men
than on women.

3. A slowly changing noise term ΔRnoise(t) (31), which subsumes all
additional effects which might change the incidence ratio
between males and females (gender imbalance).

The interaction between persons of specific genders is imple-
mented by effective contact matrices Cmatch, Cbase and Cnoise. All three
are assumed to be symmetric.

Cbase describes non-football related contacts outside the context
of Euro 2020 matches (left purple box in Fig. 4):

Cbase =
1# coff coff
coff 1# coff

! "
, ð5Þ

with coff ∼Betaðα =8,β=8Þ: ð6Þ

Fig. 4 | Model overview illustrating the relationship between the chosen prior
distributions and the disease dynamics. Boxes in the flowchart are color-coded
according towhat they describe. Light blue boxes: delaymodulations. Greenboxes:
likelihoods. Redboxes: spreading dynamics. Purpleboxes: contactmatrices. Yellow

boxes: effects independent of football matches. Orange boxes: effects of the
football matches. Diamonds show prior distributions (blue) or incorporated data
(red), and gray circles denote any mathematical operation.

Article https://doi.org/10.1038/s41467-022-35512-x

Nature Communications | ���������(2023)�14:122� 6

We are successfully scanning parameter spaces of 250-500 parameters in an afternoon
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Motivation

Essential for Scanning Large Parameter Spaces in an Afternoon

Need (preferentially reverse) Differentiable Code
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Motivation

Diverse Tools for HEP

(Compiled) Python Code
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Motivation

Diverse Tools for HEP

Fortran Code, C(++), . . . mostly written by diverse (only loosely connected) teams
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Motivation

Need very high density scans for high significance (5 σ)

Backup slides

Backup: 1-dimensional scans

Results for b ! c`⌫` parameters
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Wilson coe�cients Ck are evaluated at µ = 1 TeV
eCk := Ck

⇤2 · (1 TeV)2

�2� ln L(Ck) := �2 [ln L(Ck) � ln L(0)]
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Non-Gaussian Statistics
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Motivation

Need very high density scans for high significance (5 σ)

Backup slides

Backup: Mismatched bins: Adaptive Metropolis Algorithm

Adaptive Metropolis Algorithm: even with a poor initial proposal
covariance matrix, the algorithm automatically tunes its proposal
density, becoming highly e↵ective
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Need dense coverage
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Motivation

Need very high density scans for high significance (5 σ)

Backup slides

Backup: Evolution of the percentage of mismatched bins

Until time t0 = 1000, both
the Adaptive and the regular
Metropolis-Hastings
algorithms behave equally

Due to its autotuning
capability, the adaptive
algorithm eventually
becomes the most e↵ective
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Adaptive Markov Chain much faster than other algorithms, but not fast enough
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Motivation

Completely Exxagerated Wishlist

▶ Use any code written by anybody in any language
▶ Differentiate this code
▶ Completely crazy question: Could we even differentiate through a random random number

generator?
▶ . . .
▶ Of course we’re happy for every more reasonable proposal of how to speed up these scans

P. Bechtle: Faster (SM)EFT fits IAL Kickoff Meeting 6


	Motivation

