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Qet&&v&v

o Wavariant notions:
o time difference between events

o euclidean distance bebween simulblaneous

evehnks

o automorphisms: galilean group:

o branslakions i space and kime
o rotabkions U space

o galilean boosts (f,x) — (¢, + vit)
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Maxwell & Einskein

Newtons equations are galilean-
thvariant, but Maxwell’s are not.

Eunstelin boolke Maxwell seriously and
arrived ol his sp@x::iai. %keorj o
réiaﬁvi%q




Minlkeowsiet

“The views of space and time
that I wish to lay before you
have sprung from the soil of
experimental physics and therein
Lies their strength!

“Henceforth, space bfj tkself, and time bfj
itself, are doomed to fade away into mere
shadows, and only a kind of union of both
will retain an independent reality!”
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Spo\ae&me

A4 :
spa&e&me evehnks

uavariank notiown: proper disktance

(z —2") 2 ly — y ez — 2 VY
modelled on a veckor space (V, 77)

au&omorphismsz Poinecare group
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Poincaré algebra

Lorentz Eransformations

Erawnslabions

(skewsymmetric endomorphisms)

A4, B

A, v

= AD — 8
— A

A, B € so(V)
vel



Particles

Etemev\%arv Par&i;des

S 2

unitary irreps of P

(indexed by “mass” and “spin”)



Filelds

unitary irreps of

sections of homoqgeneous vector
bundles o Minkowski spa&e&&me,
subject to field equations, such as...

p = —ngp (Ktém-wéordom)
i@ = map (Dirac)
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Supergroup?

1960s: is there a "supergroup” whose irreps
contain Poincaré irreps of different masses and
spins?

1967: No. (Coleman-mandula)

1978: Yes, sort of. (Haangopus::.anskﬁ-—-Sakmius)

Requires redefining the very notion of
svmm&rv!
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Lie superalgebras

g=00Do 2-graded vector space

—, =R X (SMF?QT‘ slw.wsvmme%rw)
X, Y] = S [y,
VX cgoUg [X,—] is a superderivation.

X, (Y, Z]]= [[X, Y2 R ey, [ X, Z]]
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Clifford algebra

(V7 77) lorentzian veckor space

Cl(V) associative unital algebra

I —n(v,v)1

CY(V) = End(S) (S9s€2)
Qv - 81,82) = —(81,v - S2)
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Poincaré
superalgebra

s=EV )V S
S L R N

Vse S |[s,8]eV
n(|s, s|,v) = Q(s;v - &

[A, S] SE,VQM, b:j ol e Cdhe

$1
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Super F&r%&&ies%’

o unitary irreps of Poincaré superalgebra
decompose into unitary irreps of
Poincaré algebra with the same mass but
different spins, e.g.,

o chiral multiplet: KG + Dirac (same Mass)

o vector mulbiplet: Maxwell + Weyl (wassless)
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Sufa@.rs pace..,
the final frowmtier

o Poincaré algebra = infinitesimal
au&amarpkisms of Minkowski
spacetime

27 v
o Poincaré superatgebra =
infinitesimal automorphisms of
Minleowsiel superspaae%ime
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Supermanifolds

o Dual to a manifold we have iks
algebra of functions: it is
commutative

o The algebra of functions of a
supermanifold is "mildly
noncommutative™: it has nilpotent
elements
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Murleow sher
supers Faae&me

Algebra of functions
C®(V) ® A*S

» Supersvmmeﬁrj adds "qu&h&um"

coordinates ko khe spa&e&ime.
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Su,persvm mekbric
theories

o Supersymmetric field theories
o Supersymmelric gauge theories
o Supersymmetric sigma models:

characterisation of Kahler, Hodge, Calabi-Yau,

hjpeﬂfblhier, qu&&ermionw Kahler,.. manifolds
o Supergravily

o Superstrings, M-theory,..
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Supers mme%rv LA
Mathemakics

o Proof of Atiyah-Singer index theorem

o Proot of Morse inequalities

o Mirror symmetry

o Topological/cohomological field theories:
o Donaldson-Witten

o Gromov-Witken y 3{e j@_&rs O”f
; J
o Seiberg-Witten SuUCCesses,
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Extremely-weeny constrained SUSY How to ensure your model remains
NSEWMSSM predictability-free
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Forum
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Is choice moral?
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“Every time you choose a path of act!on,' :
gble,m Of condens,;edfma ;e : They still - a multiverse is ki



