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How can it be that mathematics, being after all a product of human thought which is 
independent of experience, is so admirably appropriate to the objects of reality?

- A. Einstein
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PERSSON APPENDIX A

In Mathieu moonshine, the role of the monster group is played by the largest Mathieu group M24,
which is a certain subgroup of S24 (the permutation group on 24 elements). One can define M24 in
various ways. On the one hand it is the automorphism group of the extended binary Golay code, and on
the other hand it is the automorphism group of the Niemeier lattice A24

1 (modulo Weyl reflections). On
the ‘modular side’ of Mathieu moonshine we have the unique (weak) Jacobi form η0,1(τ, z) (z − C) of
weight 0 and index 1 for the group SL(2,Z). Jacobi forms correspond to two-variable generalizations
of holomorphic modular forms (see Eichler, Zagier; 1985). Up to a factor 2, η0,1(τ, z) is the elliptic
genus φ(K3; τ, z) of K3-surfaces. The elliptic genus is a topological invariant that can be associated to
any complex manifold X, and which is a Jacobi form whenever X is Calabi-Yau (Gritsenko; 1999). It
generalizes various classical topological invariants, such as the Euler number φ(X) which corresponds
to φ(K3; τ, z = 0). From a physical perspective, φ(K3; τ, z) is the index (‘graded partition function’)
of a superconformal sigma model with target space K3, corresponding to the perturbative sector of
string theory compactified on K3. Since K3 is hyperkähler this theory carries an action of (2 copies
of) an N = 4 super-Virasoro Lie algebra. This justifies the decomposition of φ(K3; τ, z) in terms of
N = 4 characters (Eguchi, Ooguri, Taormina, Yang; 1989)(Eguchi, Hikami; 2009):
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where χ1 is the first Jacobi theta function, ϑ is the Dedekind eta-function and µ is an Appell-Lerch
sum. The sum is over characters of unitary massive representations of the N = 4 algebra, while the
other terms describe the massless spectrum. The coefficients An are even positive integers, with the
first few:

A1 = 2 · 45, A2 = 2 · 231, A3 = 2 · 770, A4 = 2 · 2277, A5 = 2 · 5796. (5)

Eguchi, Ooguri and Tachikawa (EOT) observed the remarkable fact that these numbers are all twice
the dimensions of irreducible representations of the largest Mathieu group M24. This is strikingly
similar to McKay’s observation on the connection between M and the J-function. This led EOT
to conjecture the existence of some yet unknown moonshine phenomenon that connects M24 with
Jacobi forms, K3-surfaces and string theory. In fact, one can also approach the topic from the point
of view of mock modular forms. Mock modular forms were defined by Zwegers in his thesis (2000);
they correspond to certain holomorphic functions that fail to be modular in a very precise way, and
can be completed to non-holomorphic modular forms (for an introduction see, e.g., Zagier’s Bourbaki
lectures). It turns out that the q-series in (4) is a mock modular form of weight 1/2 and shadow given
by 24ϑ(τ)3 (Eguchi, Hikami; 2008). By now a large body of results on Mathieu moonshine has been
obtained, providing ample evidence that there exists a graded M24-module H with graded dimension
the K3 elliptic genus. In particular, the analogue of McKay-Thompson series, called twining genera
ηg(τ, z), g − M24, have all been constructed and verified to decompose into M24-characters (Cheng;
Gaberdiel, Hohenegger, Volpato; 2010)(Gannon; 2012). However, despite these developments we still
do not know what mathematical object H corresponds to.

2.2 The framework: generalized Mathieu moonshine

In my recent work [Pe1] Mathieu moonshine has been extended in ways that lead to clues as to its
underlying structure. These developments form the basis for this project, and before stating the main
objectives I shall briefly review these results.

In collaboration with Gaberdiel, Ronellenfitsch and Volpato, I proposed the existence of generalized
Mathieu moonshine in [Pe1]. This is to be considered as the M24-analogue of Norton’s generalized
monstrous moonshine conjecture mentioned above. To be precise we associate a Jacobi form ηg,h
to each commuting pair of elements (g, h) in M24, thereby extending ordinary Mathieu moonshine,
to which it reduces when (g, h) = (e, h) (e = identity). The Jacobi forms ηg,h are called twisted
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Naturen har inbyggda symmetrier











Symmetritransformationer bildar   
ett matematisk objekt  

som kallas grupp

Kombination av två transformationer  
måste också vara en symmetri



Symmetritransformationer bildar   
ett matematisk objekt  

som kallas grupp

Kombination av två transformationer  
måste också vara en symmetri

Men vad händer om vi flyttar triangeln?



Men en “tesselering” av planet med trianglar har oändlig symmetri!





Naturens fundamentala lagar bestäms av symmetrier!



svaga kärnkraften

starka kärnkraften

elektromagnetism

gravitation





kvantmekanik allmän relativitetsteori



Det finns regioner i universum där 
kvantmekanik och allmän relativitetsteori 

måste kombineras









Ett svart hål bildas när en tillräckligt  
stor stjärna kollapsar och dör

I mitten av ett svart hål bryts rumtiden sönder 

Vad händer inuti 
ett svart hål?Event Horizon

Singularity

https://www.youtube.com/embed/fjSPJTo51lM?rel=0&amp;showinfo=0




Vad har allt detta med AI att göra?



Vad har allt detta med AI att göra?

Symmetrier!



[Bild: Wikipedia]



[Bild från: https://medium.com/zylapp/review-of-deep-learning-algorithms-for-object-detection-c1f3d437b852]

https://medium.com/zylapp/review-of-deep-learning-algorithms-for-object-detection-c1f3d437b852%5D






[Bild från thispersondoesnotexist.com]

http://thispersondoesnotexist.com


[Bild från: https://adigaskell.org/2018/10/15/how-good-is-machine-translation/]
[Bild från: https://www.walleniuswilhelmsen.com/insights/the-future-of-mobility-whats-the-road-ahead-for-self-driving-vehicles]

https://adigaskell.org/2018/10/15/how-good-is-machine-translation/%5D
https://www.walleniuswilhelmsen.com/insights/the-future-of-mobility-whats-the-road-ahead-for-self-driving-vehicles%5D


Artificiell neuron:

1. Input lager

2. Dolda lager

3. Output lager



Att känna igen bilder



“skateboard”

“boxhandskar”

Att känna igen bilder

“capybara”



Reflektionssymmetri

“boxhandske”

reflektera



[Bilder från: Weiler, Forré, Verlinde, Welling (2023)]



[Bilder från: Weiler, Forré, Verlinde, Welling (2023)]



[Bild från Woodscape dataset, projected onto a sphere]

Vad händer om datan är “krökt”?

Kosmiska bakgrundsstrålningen

[Bild från Weiler et al]



Medicinska bilder av tumörer

[Bild från Graham, Epstein, Rajpoot, 2020]



Matematik

Fysik AI



Matematik

Fysik AI

Biologi/Kemi



TACK!


