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This 1s a tough question... and we don’t have an answer

new models of geometries described with tangent categories
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“"Tangent category theory
1s a categorical language
for differential geometry.”
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Theorem.

Let (X, B) be the tangent category of
biproducts. A tangent monad (S, A1) over

(X, B) Is equivalent to a
, that isa monad S
equipped with a differential combinator:
0:SX - SX D X)
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Theorem.

Let X be the category with biproducts. If
(5,0) iIsa cCDM over X, then Algs is a
tangent category.

Moreover, if Algg has reflexive
coequalizers then also Alg" is a tangent
category.




Operads and algebras

“"Operads are
machines that produce
algebraic objects.”




We tustmeed Brpaducks
and algebras mg, Onts & et

Take the symmetric monoidal category of vector spaces (this can be generalized)




We tustmeed Brpaducks
and algebras mg, Onts & et

Take the symmetric monoidal category of vector spaces (this can be generalized)

An operad Is:

Yo Cf T
) {)@% \/edo’lS(.nc& @J



We tustmeed Brpaducks
and algebras mg, Onts & et

Take the symmetric monoidal category of vector spaces (this can be generalized)

An operad isl/\ a@j
) {)&Bfg \/GOLO’ISKZQCS
O A et

o @693(1)@

O



and algebras

Take the symmetric monoidal category of vector spaces (this can be generalized)

An operad Is:

Yo Cf T
) {)@% \/edo’lS(.nc& @J

A it

o @eéba)&/

07‘4

Q@J

Pad»oﬁ! ”

000 o OOODOO

e S(HZF

weed 3@0&@3

wi TS &

AN



and algebr

dS

Take the symmetric monoidal category of vector spaces (this can be generalized)

An operad Is:

Yo Cf T
) {)@% \/edo’lS(.nc& @J

y
o @693(1)@

000 O

07‘4

a fahal

W“@

OOODO O

Q@J



e (ﬁ?f meed 3(104&1&(13
S S & (Lo tS

Take the symmetric monoidal category of vector spaces (this can be generalized)

and algebras

An operad Is:

A S
Yot V@d"”j“’s?

¢ @693(_0 &/ Wa«s

000 o OOODOO

@’%« O %J




We tustmeed Brpaducks
and algebras mg, Onts & et

Take the symmetric monoidal category of vector spaces (this can be generalized)

An algebra of an operad is:

A Q'Q,QJVLW A



We tustmeed Brpaducks
and algebras mg, Onts & et

Take the symmetric monoidal category of vector spaces (this can be generalized)

An algebra of an operad is:

A Q'Q,QJVLW A

o C()M IS L A®M——>A
M (rt; O ... O ) = (4084 00



We tustmeed Brpaducks
and algebras mg, O ts @&MP

Take the symmetric monoidal category of vector spaces (this can be generalized)

An algebra of an operad is:

A Q'Q,QJVLW A

o C()M IS L A®M——>A
M (rt; O ... O ) = (4084 00




and algebras: examples



and algebras: examples



and algebras: examples



Operads are tangent monads

“"Operads are
machines that produce
tangent categories.”




Operads are tangent monads

“Operads are
machines that produce

’ ¢ L’ﬁ
’WAS 1S + geometrical theories.”




are mon ad S Ikonicoff, Lanfranchi, Lemay 2023

Theorem.
The monad associated to an operad

IS a coCartesian differential monad




are mon ad S Ikonicoff, Lanfranchi, Lemay 2023

& </ Oped

Theorem.
The monad associated to an operad

IS a coCartesian differential monad




are mon ad S Ikonicoff, Lanfranchi, Lemay 2023

& </ Oped

®m
Theorem. (1 ggox = G,\? O %MX

The monad associated to an operad

is a coCartesian differential monad HmmA &%oaojfo( ISR




are mon ad S Ikonicoff, Lanfranchi, Lemay 2023

& </ Ot

Qm
Theorem. (, S@Y = QA% 0w %MX

The monad associated to an operad

IS a coCartesian differential monad HmmA &%fﬂdd-b ¥ u{{Wﬂ
w%w\m
R GX — SKeX) f
m

/a('ti; Xi/-"/m :g (fJ; (XJIO)/'"/ (O/)(K)// (YUIO‘))




monads

ale




.8

8
2
N




are monads

Thonioffs

Leway 2




Operads generate tangen’[ CategOrieS Ikonicoff, Lanfranchi, Lemay 2023

Theorem.

Let P be an operad.

The categories Algp and Alg,’ are
tangent categories.
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Thanks.

The Rosicky Tangent Categories of Algebras over an Operad
https://arxiv.org/abs/2303.05434
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