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Tangent categories and tangent fibrations

chapter 1

“The objects of a tangent category
are locally linear spaces.

Tangent fibrations are
fibrations of tangent categories.”
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Tangent categories and tangent fibrations

= A tangent category consists of:

A category

o Tan_gen_t bundle functor
ﬁ Projection

ommm Z€ro morphism

Sum morphism

Vertical lift

OHll Canonical flip
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= A tangent category consists of:
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o Tan.gen.t bundle functor
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Vertical lift

OHll Canonical flip




Rosicky | Cockett B

Tangent categories and tangent fibrations ® | crutiwell =

= A tangent category consists of:

A category

o Tan_gen.t bundle functor
ﬁ Projection

ommm Z€ro morphism

Sum morphism

Vertical lift

OHll Canonical flip
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= A tangent category consists of:

A category
o Tan_gen.t bundle functor
ﬁ Projection
ommm Z€ro morphism
Sum morphism
Vertical lift
OHll Canonical flip
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= A tangent category consists of:

A category .y
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= A (cloven) tangent fibration is:

G a (cloven) fibration between
ommm VWO tangent categories which

ﬁ preserves strictly
ommm the tangent structures.

= The tangent bundle functors
Ol preserve the cartesian lifts.
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= A (cloven) tangent fibration is:

g a (cloven) fibration between
ommm VWO tangent categories which

ﬁ preserves strictly
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=The tangent bundle functors J/ﬂ—
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A (cloven) tangent fibration is:

a (cloven) fibration between
two tangent categories which
preserves strictly

the tangent structures.

= The tangent bundle functors

preserve the cartesian lifts.
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A (cloven) tangent fibration is:

a (cloven) fibration between
two tangent categories which
preserves strictly

the tangent structures.

= The tangent bundle functors

preserve the cartesian lifts.
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A (cloven) tangent fibration is:

a (cloven) fibration between
two tangent categories which
preserves strictly

the tangent structures.

= The tangent bundle functors

preserve the cartesian lifts.
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= A (cloven) tangent fibration is:

a (cloven) fibration between

two tangent categories which

preserves strictly
the tangent structures.

= The tangent bundle functors

preserve the cartesian lifts.
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A (cloven) tangent fibration is:

a (cloven) fibration between
two tangent categories which
preserves strictly

the tangent structures.

= The tangent bundle functors

preserve the cartesian lifts.
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The fibres of a tangent fibration
are tangent categories.

The substitution functors are
strong tangent morphisms.
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The fibres of a tangent fibration
are tangent categories.
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Tangent categories and tangent fibrations

The Grothendieck construction
sends an indexed tangent

category to a 1 .
cloven tangent fibration. ngﬁb<
(J3.[9)
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sends an indexed tangent
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sends an indexed tangent

category to a ’Tm%?f_b< ]{ndxmg@f

cloven tangent fibration.

E The Grothendieck construction

3 (T3 K725 TrgCde

y g ) Al ’_’___7(%64; T(A\) |
L b, Jad
(%, T) B—> %(?T@)

TE=prTE




Tangent categories and tangent fibrations Lanfranchi §

The Grothendieck construction
sends an indexed tangent
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Tangent categories and tangent fibrations N

The Grothendieck construction
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Tangent objects

“A tangent object
is an object of a 2-category
with a tangent structure.”
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Tangent categories and tangent fibrations S

= A tangent object consists of:

Objectin a 2-category

o Tan_gen_t bundle morphism
ﬁ Projection

ommm Z€ro morphism

Sum morphism

Vertical lift

OHll Canonical flip
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Tangent categories and tangent fibrations N
= A tangent object consists of:
X e C
Object in a 2-category T
Tangent bundle morphism r N
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= A tangent object consists of:
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Tangent categories and tangent fibrations N
= A tangent object consists of:
K el T
Object in a 2-category T l 0 #’g
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Tangent objects in Cat
are tangent categories.
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Tangent categories and tangent fibrations N

Tangent objects in Cat
are tangent categories.

Tangent objects in Mnd

E are tangent monads. T%(W(@))EMM(T@(QD




Lanfranchi 8

Tangent categories and tangent fibrations N

Tangent objects in Cat
are tangent categories.
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Tangent categories and tangent fibrations N

Tangent objects in Cat
are tangent categories.

Tangent objects in Mnd y
E are tangent monads. T%(W(Q»EMGA(T“%@:)
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The tangent Grothendieck construction

chapter 3

“Tangent fibrations
are tangent objects in Fib.
They are equivalent to
tangent indexed categories.”
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The tangent Grothendieck construction N

The operation which sends

a 2-category C to the 2-category
Tng(C) of tangent objects

of C extends to a 2-functor.
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The operation which sends

a 2-category C to the 2-category Qacl preseli
Tng(C) of tangent objects fuk Pt
of C extends to a 2-functor. 7




The tangent Grothendieck construction
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Tangent fibrations are equivalent
to tangent indexed categories,
l.e. tangent objects in

the 2-category IndxCat.
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The tangent Grothendieck construction N
Tangent fibrations are equivalent
to tangent indexed categories,
l.e. tangent objects in
@ the 2-category IndxCat.
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Tangent categories and tangent fibrations N

= A tangent indexed category consists of:

Base tangent category (%,T)
ommm Pseudofunctor

e Indexed tangent functor

ommm Vatural transformations
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Tangent categories and tangent fibrations N

= A tangent indexed category consists of:

Base tangent category (X, 1)
ommm Pseudofunctor
v Indexed tangent functor %"P,__; Cat
ommm Vatural transformations A




Tangent categories and tangent fibrations

= A tangent indexed category consists of:

Base tangent category (X, 1)
Pseudofunctor
o Il
e Indexed tangent functor %"P,__; Cat
ommm Vatural transformations A @
W1
3 %C@
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the end.

Special thanks to:
Geoff Cruttwell, Dorette Pronk, Geoff Vooys,

and to Rory Lucyshyn-Wright
who suggested an important correction
in the definition of tangent objects.
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