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Classical connections

Let E → M be a vector bundle.

A connection on E is a degree 1 derivation

d∇ : Ω(M,E ) → Ω(M,E )
with symbol d , i.e., satisfying the Leibniz rule

d∇(α ∧ β) = dα ∧ β + (−1)|α|α ∧ d∇β.

Curvature R∇ := (d∇)2 ∈ Ω2(M,End(E )).

Holonomy: Hol(∇) := {τγ : γ is a smooth loop at x}.

Theorem (Ambrose–Singer, 1953)

hol(∇) = span{τ−1γ R∇(X ,Y )τγ : γ is a smooth path with γ(0) = x

and X ,Y ∈ Tγ(1)M}.



Lie algebroid connections

Let A → M be a Lie algebroid and E → M a vector bundle.

An A-connection on E is a degree 1 derivation

d∇ : Ω(A,E ) → Ω(A,E )
with symbol dA, i.e., satisfying the Leibniz rule

d∇(α ∧ β) = dAα ∧ β + (−1)|α|α ∧ d∇β.

Curvature R∇ := (d∇)2 ∈ Ω2(A,End(E )).

Holonomy: Hol(∇) := {τa : a is an A-loop at x}.

Theorem (Fernandes, 2002)

hol(∇) = span{τ−1e R∇(a, b)τe : e is an A-path with γe(0) = x

and a, b ∈ Aγe(1)}
+ span{τ−1e ∇cτe : e is an A-path with γe(0) = x

and c ∈ ker ργe(1)}



Lie algebroid connections

We can define

curv(∇) := span{τ−1e R∇(a, b)τe : e is an A-path with γe(0) = x

and a, b ∈ Aγe(1)}.
It is an ideal of hol(∇).

There is a normal subgroup Curv(∇) ⊆ Hol0(∇) integrating it.

Conclusion: there is an inclusion of Lie groups Curv(∇) ↪→ Hol(∇).

For a Lie theorist, this is just an inclusion of Lie groups.

For a higher Lie theorist, this is the easiest example of a strict
2-group.

Question

Does the inclusion Curv(∇) ↪→ Hol(∇) have a higher life? Is it geometric?



The proof of Ambrose–Singer

Lemma

Let ∇ be a connection on E → I 2. Then

τ1←0,1τ0,1←0 − τ1,1←0τ1←0,0 =

=

∫ 1

0

∫ 1

0
τ1,1←x2τ1←x1,x2R

∇(∂1, ∂2)(x1, x2)τx1←0,x2τ0,x2←0dx1dx2.

⑳
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The proof of Ambrose–Singer

Corollary

Let ∇ be a connection on E → M and H a homotopy between paths γ0
and γ1. Then

τγ1 − τγ0 =

∫
H
R∇.

⑩
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Corollary

Hol0(∇) = {1+
∫
H R∇ : H is a null-homotopy based at x}.



Riemann–Hilbert correspondence

Corollary

If ∇ is flat and γ0 ∼ γ1, then τγ0 = τγ1 . In particular, ∇ defines a Lie
groupoid morphism τ : Π1(M) → GL(E ).

Recall:

Π1(M) ⇒ M with Π1(M) = {[γ] : γ path},
GL(E ) ⇒ M with GL(E ) = {(y ,A, x) : x , y ∈ M,A : Ex

∼=→ Ey}.

Theorem (Riemann–Hilbert correspondence I)

There is an equivalence of categories

FlatM(E ) → [Π1(M),GL(E )]∞∗ .



Riemann–Hilbert correspondence

Question

What if ∇ is not flat?

We still have a functor τ : P1(M) → GL(E ). Anything else?

Idea: if H0 and H1 are two homotopies between γ0 and γ1 and L is a
homotopy from H0 to H1, then a non-abelian Stokes’s theorem (??)
would give, by the Bianchi identity,∫

H1

R∇ −
∫
H0

R∇ =

∫
L
d∇R∇ = 0.

Question

Do we get a functor Π2(M) → ?? ?



Higher (Lie) groupoids

· ·

·

· ·

· ·

· ·

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0
<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="JmniSNXMONvJQNoBJRGEb65nt1A=">AAACI3icbZC9TsMwFIWd8lfCX4GRJaJCYqqSChVGBAtjERSQmqi6cW9aC9uJbAeooj4CKzwBT8OGWBh4F9wSJP7u9PmeY+ncE2ecaeP7b05lZnZufqG66C4tr6yu1dY3LnSaK4odmvJUXcWgkTOJHcMMx6tMIYiY42V8fTzRL29QaZbKczPKMBIwkCxhFIxdnd31mr1a3W/40/H+QlBCnZTT7q07bthPaS5QGspB627gZyYqQBlGOY7dMNeYAb2GAXYtShCoo2KadeztJKnyzBC96fu7twCh9UjE1iPADPVvbbL8T+vmJjmICiaz3KCk1mK1JOeeSb3JyV6fKaSGjywAVcym9OgQFFBji3HdUKHEW5oKAbJfhAkIxkd9TCDnZlyEOvniH4F0Ms1j2wt+d/UXLpqNoNVone7VD4/KHqtki2yTXRKQfXJITkibdAglA3JPHsij8+Q8Oy/O66e14pR/NsmPcd4/AD3opOk=</latexit>x2

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01

<latexit sha1_base64="7+zG6EShKiRFaCvg3+r5aDDy3hg=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfYL/2DSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weWnaYe</latexit>g02
<latexit sha1_base64="zrdsyqOeu2amrOBGJXQmXXkBl2I=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfaL4GDSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weYXKYf</latexit>g12

<latexit sha1_base64="9j97AOgSCvsLN6LNcOYR07p3f1E=">AAACLHicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxgf6AJ5WZy0w7OTMLMRCmhr+FWn8CncSPi1udwWivY1rv65p4zcO6Jc8608f13Z2FxaXlltbLmrm9sbm3v7O41dVYoig2a8Uy1Y9DImcSGYYZjO1cIIubYiu+vR3rrAZVmmbwzgxwjAT3JUkbB2FUYatYT0C394GTY3an6NX883jwEE6iSydS7u44bJhktBEpDOWjdCfzcRCUowyjHoRsWGnOg99DDjkUJAnVUjkMPvaM0U57pozd+//WWILQeiNh6BJi+ntVGy/+0TmHSi6hkMi8MSmotVksL7pnMG93uJUwhNXxgAahiNqVH+6CAGtuQ64YKJT7STAiQSRmmIBgfJJhCwc2wDHX6y1OBdDrOY9sLZruah+ZJLTirnd2eVi+vJj1WyAE5JMckIOfkktyQOmkQSnLyRJ7Ji/PqvDkfzuePdcGZ/NknU+N8fQNjkKiR</latexit>ω012

<latexit sha1_base64="sfPPRg+1s5XXQ8wCwXzWYBT2C48=">AAACMXicbZBLS8NAFIUnvo2vqks3wSK4KomIuhTduFSwKjSl3Exv2sF5hJkbpYT+Erf6C/w17sStf8JpreDrrL655wwcTlZI4SiOX4Kp6ZnZufmFxXBpeWV1rba+ceVMaTk2uZHG3mTgUAqNTRIk8aawCCqTeJ3dno786zu0Thh9SYMC2wp6WuSCA/lTp7aWSqN7VvT6BNaa+06tHjfisaK/kEygziY676wHYdo1vFSoiUtwrpXEBbUrsCS4xGGYlg4L4LfQw5ZHDQpduxo3H0Y7ubER9TEav79nK1DODVTmMwqo7357o+N/Xquk/KhdCV2UhJr7iPfyUkZkotEAUVdY5CQHHoBb4VtGvA8WOPmZwjC1qPGeG6VAd6s0ByXkoIs5lJKGVeryL/5RyOXjPn695PdWf+Fqr5EcNA4u9uvHJ5MdF9gW22a7LGGH7JidsXPWZJyV7IE9sqfgOXgJXoO3z+hUMPmzyX4oeP8A2nqq3g==</latexit> →↑
<latexit sha1_base64="kvqgfNMuLisqqwDfalsDmWHS0Dc=">AAACI3icbZDNSgMxFIUz/tbxr9Wlm8EiuCozItVl0Y1LRatCp5Q76U0bTDJDklHK0Edwq0/g07gTNy58F9NawVbv6ss9J3DuSTLBjQ3DD29ufmFxabm04q+urW9slitb1ybNNcUmTUWqbxMwKLjCpuVW4G2mEWQi8Ca5Ox3pN/eoDU/VlR1k2JbQU5xxCtatLlkn7JSrYS0cT/AXoglUyWTOOxXPj7spzSUqSwUY04rCzLYL0JZTgUM/zg1mQO+ghy2HCiSadjHOOgz2WKoD28dg/P7tLUAaM5CJ80iwfTOrjZb/aa3csuN2wVWWW1TUWZzGchHYNBidHHS5RmrFwAFQzV3KgPZBA7WuGN+PNSp8oKmUoLpFzEByMegig1zYYREb9sNTgQwb53HtRbNd/YXrg1pUr9UvDquNk0mPJbJDdsk+icgRaZAzck6ahJIeeSRP5Nl78V69N+/92zrnTf5sk6nxPr8AGwCk1Q==</latexit>

f0

<latexit sha1_base64="zrdsyqOeu2amrOBGJXQmXXkBl2I=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfaL4GDSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weYXKYf</latexit>g12

<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="JmniSNXMONvJQNoBJRGEb65nt1A=">AAACI3icbZC9TsMwFIWd8lfCX4GRJaJCYqqSChVGBAtjERSQmqi6cW9aC9uJbAeooj4CKzwBT8OGWBh4F9wSJP7u9PmeY+ncE2ecaeP7b05lZnZufqG66C4tr6yu1dY3LnSaK4odmvJUXcWgkTOJHcMMx6tMIYiY42V8fTzRL29QaZbKczPKMBIwkCxhFIxdnd31mr1a3W/40/H+QlBCnZTT7q07bthPaS5QGspB627gZyYqQBlGOY7dMNeYAb2GAXYtShCoo2KadeztJKnyzBC96fu7twCh9UjE1iPADPVvbbL8T+vmJjmICiaz3KCk1mK1JOeeSb3JyV6fKaSGjywAVcym9OgQFFBji3HdUKHEW5oKAbJfhAkIxkd9TCDnZlyEOvniH4F0Ms1j2wt+d/UXLpqNoNVone7VD4/KHqtki2yTXRKQfXJITkibdAglA3JPHsij8+Q8Oy/O66e14pR/NsmPcd4/AD3opOk=</latexit>x2

<latexit sha1_base64="sfPPRg+1s5XXQ8wCwXzWYBT2C48=">AAACMXicbZBLS8NAFIUnvo2vqks3wSK4KomIuhTduFSwKjSl3Exv2sF5hJkbpYT+Erf6C/w17sStf8JpreDrrL655wwcTlZI4SiOX4Kp6ZnZufmFxXBpeWV1rba+ceVMaTk2uZHG3mTgUAqNTRIk8aawCCqTeJ3dno786zu0Thh9SYMC2wp6WuSCA/lTp7aWSqN7VvT6BNaa+06tHjfisaK/kEygziY676wHYdo1vFSoiUtwrpXEBbUrsCS4xGGYlg4L4LfQw5ZHDQpduxo3H0Y7ubER9TEav79nK1DODVTmMwqo7357o+N/Xquk/KhdCV2UhJr7iPfyUkZkotEAUVdY5CQHHoBb4VtGvA8WOPmZwjC1qPGeG6VAd6s0ByXkoIs5lJKGVeryL/5RyOXjPn695PdWf+Fqr5EcNA4u9uvHJ5MdF9gW22a7LGGH7JidsXPWZJyV7IE9sqfgOXgJXoO3z+hUMPmzyX4oeP8A2nqq3g==</latexit>

→↑

<latexit sha1_base64="JmniSNXMONvJQNoBJRGEb65nt1A=">AAACI3icbZC9TsMwFIWd8lfCX4GRJaJCYqqSChVGBAtjERSQmqi6cW9aC9uJbAeooj4CKzwBT8OGWBh4F9wSJP7u9PmeY+ncE2ecaeP7b05lZnZufqG66C4tr6yu1dY3LnSaK4odmvJUXcWgkTOJHcMMx6tMIYiY42V8fTzRL29QaZbKczPKMBIwkCxhFIxdnd31mr1a3W/40/H+QlBCnZTT7q07bthPaS5QGspB627gZyYqQBlGOY7dMNeYAb2GAXYtShCoo2KadeztJKnyzBC96fu7twCh9UjE1iPADPVvbbL8T+vmJjmICiaz3KCk1mK1JOeeSb3JyV6fKaSGjywAVcym9OgQFFBji3HdUKHEW5oKAbJfhAkIxkd9TCDnZlyEOvniH4F0Ms1j2wt+d/UXLpqNoNVone7VD4/KHqtki2yTXRKQfXJITkibdAglA3JPHsij8+Q8Oy/O66e14pR/NsmPcd4/AD3opOk=</latexit>x2

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0

<latexit sha1_base64="7+zG6EShKiRFaCvg3+r5aDDy3hg=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfYL/2DSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weWnaYe</latexit>g02
<latexit sha1_base64="9+q2INbieH1zuhr/WXTQhVAMEDQ=">AAACI3icbZDNSgMxFIUz/tbxr9Wlm8EiuCozItVl0Y1LRatCp5Q76U0bTDJDklHK0Edwq0/g07gTNy58F9NawVbv6ss9J3DuSTLBjQ3DD29ufmFxabm04q+urW9slitb1ybNNcUmTUWqbxMwKLjCpuVW4G2mEWQi8Ca5Ox3pN/eoDU/VlR1k2JbQU5xxCtatLlkn6pSrYS0cT/AXoglUyWTOOxXPj7spzSUqSwUY04rCzLYL0JZTgUM/zg1mQO+ghy2HCiSadjHOOgz2WKoD28dg/P7tLUAaM5CJ80iwfTOrjZb/aa3csuN2wVWWW1TUWZzGchHYNBidHHS5RmrFwAFQzV3KgPZBA7WuGN+PNSp8oKmUoLpFzEByMegig1zYYREb9sNTgQwb53HtRbNd/YXrg1pUr9UvDquNk0mPJbJDdsk+icgRaZAzck6ahJIeeSRP5Nl78V69N+/92zrnTf5sk6nxPr8AHL2k1g==</latexit>

f1

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01
<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0

<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="sfPPRg+1s5XXQ8wCwXzWYBT2C48=">AAACMXicbZBLS8NAFIUnvo2vqks3wSK4KomIuhTduFSwKjSl3Exv2sF5hJkbpYT+Erf6C/w17sStf8JpreDrrL655wwcTlZI4SiOX4Kp6ZnZufmFxXBpeWV1rba+ceVMaTk2uZHG3mTgUAqNTRIk8aawCCqTeJ3dno786zu0Thh9SYMC2wp6WuSCA/lTp7aWSqN7VvT6BNaa+06tHjfisaK/kEygziY676wHYdo1vFSoiUtwrpXEBbUrsCS4xGGYlg4L4LfQw5ZHDQpduxo3H0Y7ubER9TEav79nK1DODVTmMwqo7357o+N/Xquk/KhdCV2UhJr7iPfyUkZkotEAUVdY5CQHHoBb4VtGvA8WOPmZwjC1qPGeG6VAd6s0ByXkoIs5lJKGVeryL/5RyOXjPn695PdWf+Fqr5EcNA4u9uvHJ5MdF9gW22a7LGGH7JidsXPWZJyV7IE9sqfgOXgJXoO3z+hUMPmzyX4oeP8A2nqq3g==</latexit>

→↑<latexit sha1_base64="OLZkLPSmGlMHN4YtdFcjFs8P6C8=">AAACI3icbZDNSgMxFIUz/tbxr9Wlm8EiuCozItVl0Y1LRatCp5Q76U0bTDJDklHK0Edwq0/g07gTNy58F9NaQVvv6ss9J3DuSTLBjQ3DD29ufmFxabm04q+urW9slitb1ybNNcUmTUWqbxMwKLjCpuVW4G2mEWQi8Ca5Ox3pN/eoDU/VlR1k2JbQU5xxCtatLlnnoFOuhrVwPMEsRBOoksmcdyqeH3dTmktUlgowphWFmW0XoC2nAod+nBvMgN5BD1sOFUg07WKcdRjssVQHto/B+P3bW4A0ZiAT55Fg+2ZaGy3/01q5Zcftgqsst6iosziN5SKwaTA6OehyjdSKgQOgmruUAe2DBmpdMb4fa1T4QFMpQXWLmIHkYtBFBrmwwyI27If/BDJsnMe1F013NQvXB7WoXqtfHFYbJ5MeS2SH7JJ9EpEj0iBn5Jw0CSU98kieyLP34r16b977t3XOm/zZJn/G+/wCHnqk1w==</latexit>

f2



Higher (Lie) groupoids

·

· ·

· · · ·

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0
<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0
<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0

<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01
<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01

<latexit sha1_base64="oiimBL2XHI/f86xEEXf0ABSmw0g=">AAACKHicbZDNSgMxFIUz/tbxr9Wlm8Ei1E2ZEakui25cKtgf6JRyJ73ThiaZIcmoZehLuNUn8GnciVufxLRWsOpdfbnnBM49UcqZNr7/7iwtr6yurRc23M2t7Z3dYmmvqZNMUWzQhCeqHYFGziQ2DDMc26lCEBHHVjS6nOqtO1SaJfLWjFPsChhIFjMKxq7aWc+vPPT8416x7Ff92Xh/IZhDmcznuldy3LCf0EygNJSD1p3AT003B2UY5Thxw0xjCnQEA+xYlCBQd/NZ4Il3FCfKM0P0Zu+f3hyE1mMRWY8AM9S/tenyP62Tmfi8mzOZZgYltRarxRn3TOJN7/b6TCE1fGwBqGI2pUeHoIAa247rhgol3tNECJD9PIxBMD7uYwwZN5M81PE3LwTS8SyPbS/43dVfaJ5Ug1q1dnNarl/MeyyQA3JIKiQgZ6ROrsg1aRBKOHkkT+TZeXFenTfn/cu65Mz/7JOFcT4+AU0Zpm4=</latexit>

u0(x0)

<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0
<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01

<latexit sha1_base64="ZjNjCVeBOFgK26FTOpdvuOtMHKo=">AAACKHicbZDNSgMxFIUz/tbxr9Wlm8Ei1E2ZEakui25cKtgf6JRyJ73ThiaZIcmoZehLuNUn8GnciVufxLRWsOpdfbnnBM49UcqZNr7/7iwtr6yurRc23M2t7Z3dYmmvqZNMUWzQhCeqHYFGziQ2DDMc26lCEBHHVjS6nOqtO1SaJfLWjFPsChhIFjMKxq7aWc+vPPSC416x7Ff92Xh/IZhDmcznuldy3LCf0EygNJSD1p3AT003B2UY5Thxw0xjCnQEA+xYlCBQd/NZ4Il3FCfKM0P0Zu+f3hyE1mMRWY8AM9S/tenyP62Tmfi8mzOZZgYltRarxRn3TOJN7/b6TCE1fGwBqGI2pUeHoIAa247rhgol3tNECJD9PIxBMD7uYwwZN5M81PE3LwTS8SyPbS/43dVfaJ5Ug1q1dnNarl/MeyyQA3JIKiQgZ6ROrsg1aRBKOHkkT+TZeXFenTfn/cu65Mz/7JOFcT4+AU7Xpm8=</latexit>

u0(x1)

<latexit sha1_base64="I37bXEHOQJFo4pCQcBB+xeWKkn0="></latexit>

→→→→→↑

<latexit sha1_base64="I37bXEHOQJFo4pCQcBB+xeWKkn0="></latexit>→→→→→↑

<latexit sha1_base64="eUt9Bw4eH9nFHiE1fh+yx6zZEEY=">AAACI3icbZC9TsMwFIWd8lfCb2FkiaiQmKoEocKIYGEEQQGpiaob96a1ajuR7YCqqI/ACk/A07AhFgbeBTcEib87fb7nWDr3xBln2vj+m1ObmZ2bX6gvukvLK6tr642NK53mimKHpjxVNzFo5ExixzDD8SZTCCLmeB2PTqb69S0qzVJ5acYZRgIGkiWMgrGri7zn99abfssvx/sLQQVNUs1Zr+G4YT+luUBpKAetu4GfmagAZRjlOHHDXGMGdAQD7FqUIFBHRZl14u0kqfLMEL3y/d1bgNB6LGLrEWCG+rc2Xf6ndXOTHEYFk1luUFJrsVqSc8+k3vRkr88UUsPHFoAqZlN6dAgKqLHFuG6oUOIdTYUA2S/CBATj4z4mkHMzKUKdfPGPQDop89j2gt9d/YWrvVbQbrXP95tHx1WPdbJFtskuCcgBOSKn5Ix0CCUDck8eyKPz5Dw7L87rp7XmVH82yY9x3j8ANTGk5A==</latexit>u0
<latexit sha1_base64="pa/GhfKJUEHdUF4NpWiTLXXIrkw=">AAACI3icbZC9TsMwFIWd8lfCb2FkiaiQmKoEocKIYGEEQQGpiaob96a1ajuR7YCqqI/ACk/A07AhFgbeBTcEib87fb7nWDr3xBln2vj+m1ObmZ2bX6gvukvLK6tr642NK53mimKHpjxVNzFo5ExixzDD8SZTCCLmeB2PTqb69S0qzVJ5acYZRgIGkiWMgrGri7wX9Nabfssvx/sLQQVNUs1Zr+G4YT+luUBpKAetu4GfmagAZRjlOHHDXGMGdAQD7FqUIFBHRZl14u0kqfLMEL3y/d1bgNB6LGLrEWCG+rc2Xf6ndXOTHEYFk1luUFJrsVqSc8+k3vRkr88UUsPHFoAqZlN6dAgKqLHFuG6oUOIdTYUA2S/CBATj4z4mkHMzKUKdfPGPQDop89j2gt9d/YWrvVbQbrXP95tHx1WPdbJFtskuCcgBOSKn5Ix0CCUDck8eyKPz5Dw7L87rp7XmVH82yY9x3j8ANu6k5Q==</latexit>u1



Higher (Lie) groupoids

Definition

A simplicial manifold M is given by

manifolds {Mn}n, where Mn is called the space of n-simplices,

surjective submersions fi : Mn → Mn−1, for i = 0, . . . , n, called the
face maps,

smooth maps ui : Mn−1 → Mn, for i = 0, . . . , n − 1, called the units
or degeneracy maps,

satisfying the simplicial relations.



Higher (Lie) groupoids

∠
·

·

-
··

·

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0
<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="JmniSNXMONvJQNoBJRGEb65nt1A=">AAACI3icbZC9TsMwFIWd8lfCX4GRJaJCYqqSChVGBAtjERSQmqi6cW9aC9uJbAeooj4CKzwBT8OGWBh4F9wSJP7u9PmeY+ncE2ecaeP7b05lZnZufqG66C4tr6yu1dY3LnSaK4odmvJUXcWgkTOJHcMMx6tMIYiY42V8fTzRL29QaZbKczPKMBIwkCxhFIxdnd31mr1a3W/40/H+QlBCnZTT7q07bthPaS5QGspB627gZyYqQBlGOY7dMNeYAb2GAXYtShCoo2KadeztJKnyzBC96fu7twCh9UjE1iPADPVvbbL8T+vmJjmICiaz3KCk1mK1JOeeSb3JyV6fKaSGjywAVcym9OgQFFBji3HdUKHEW5oKAbJfhAkIxkd9TCDnZlyEOvniH4F0Ms1j2wt+d/UXLpqNoNVone7VD4/KHqtki2yTXRKQfXJITkibdAglA3JPHsij8+Q8Oy/O66e14pR/NsmPcd4/AD3opOk=</latexit>x2

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01

<latexit sha1_base64="7+zG6EShKiRFaCvg3+r5aDDy3hg=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfYL/2DSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weWnaYe</latexit>g02

<latexit sha1_base64="zrdsyqOeu2amrOBGJXQmXXkBl2I=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfaL4GDSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weYXKYf</latexit>g12

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0
<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="JmniSNXMONvJQNoBJRGEb65nt1A=">AAACI3icbZC9TsMwFIWd8lfCX4GRJaJCYqqSChVGBAtjERSQmqi6cW9aC9uJbAeooj4CKzwBT8OGWBh4F9wSJP7u9PmeY+ncE2ecaeP7b05lZnZufqG66C4tr6yu1dY3LnSaK4odmvJUXcWgkTOJHcMMx6tMIYiY42V8fTzRL29QaZbKczPKMBIwkCxhFIxdnd31mr1a3W/40/H+QlBCnZTT7q07bthPaS5QGspB627gZyYqQBlGOY7dMNeYAb2GAXYtShCoo2KadeztJKnyzBC96fu7twCh9UjE1iPADPVvbbL8T+vmJjmICiaz3KCk1mK1JOeeSb3JyV6fKaSGjywAVcym9OgQFFBji3HdUKHEW5oKAbJfhAkIxkd9TCDnZlyEOvniH4F0Ms1j2wt+d/UXLpqNoNVone7VD4/KHqtki2yTXRKQfXJITkibdAglA3JPHsij8+Q8Oy/O66e14pR/NsmPcd4/AD3opOk=</latexit>x2

<latexit sha1_base64="hGJvUOY8FCA/VMUGWtB4HuLP4/A=">AAACJnicbZDNSsNAFIUn/tb4r0s3wSK4KomIuhTduKxga6Ep5WZ6046dmYSZiRJC38GtPoFP407EnY/iNEbw766+uecMnHuilDNtfP/NmZmdm19YrC25yyura+sbm1ttnWSKYosmPFGdCDRyJrFlmOHYSRWCiDheR+PzqX59i0qzRF6ZPMWegKFkMaNg7Ko97Bd+MOlv1P2GX473F4IK6qSaZn/TccNBQjOB0lAOWncDPzW9ApRhlOPEDTONKdAxDLFrUYJA3SvKuBNvL06UZ0bole/v3gKE1rmIrEeAGenf2nT5n9bNTHzSK5hMM4OSWovV4ox7JvGmV3sDppAanlsAqphN6dERKKDGduO6oUKJdzQRAuSgCGMQjOcDjCHjZlKEOv7iH4F0XOax7QW/u/oL7YNGcNQ4ujysn55VPdbIDtkl+yQgx+SUXJAmaRFKbsg9eSCPzpPz7Lw4r5/WGaf6s01+jPP+AZTfph0=</latexit>g01
<latexit sha1_base64="zrdsyqOeu2amrOBGJXQmXXkBl2I=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfaL4GDSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weYXKYf</latexit>g12

<latexit sha1_base64="BiQK5mgtkujYCjjcZk1Jzg2zimM=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0B+pqaob96a1sJ3IdoAq6iOwwhPwNGyIhYF3wS1Foi13+nzPsXTuiVLOtPH9T2dhcWl5ZbWw5q5vbG5t7xR36zrJFMUaTXiimhFo5ExizTDDsZkqBBFxbER3lyO9cY9Ks0TemkGKbQE9yWJGwdjVzWPH7+yU/LI/Hm8eggmUyGSqnaLjht2EZgKloRy0bgV+ato5KMMox6EbZhpToHfQw5ZFCQJ1Ox9nHXqHcaI800dv/P7rzUFoPRCR9QgwfT2rjZb/aa3MxOftnMk0MyiptVgtzrhnEm90stdlCqnhAwtAFbMpPdoHBdTYYlw3VCjxgSZCgOzmYQyC8UEXY8i4Geahjn95KpCOx3lse8FsV/NQPy4Hp+XT65NS5WLSY4HskwNyRAJyRirkilRJjVDSI0/kmbw4r86b8+58/FgXnMmfPTI1ztc3Om6k5w==</latexit>x0
<latexit sha1_base64="l8gM84TfFoxW9JIdNjSby7HxAW4=">AAACI3icbZC9TsMwFIUdfkv4LYwsERUSU5UgBIwVLIxF0Bapqaob96a1sJ3IdoAo6iOwwhPwNGyIhYF3wQ1F4u9On+85ls49UcqZNr7/5szMzs0vLFaW3OWV1bX1jepmWyeZotiiCU/UVQQaOZPYMsxwvEoVgog4dqLr04neuUGlWSIvTZ5iT8BQsphRMHZ1cdcP+hs1v+6X4/2FYAo1Mp1mv+q44SChmUBpKAetu4Gfml4ByjDKceyGmcYU6DUMsWtRgkDdK8qsY283TpRnRuiV7+/eAoTWuYisR4AZ6d/aZPmf1s1MfNwrmEwzg5Jai9XijHsm8SYnewOmkBqeWwCqmE3p0REooMYW47qhQom3NBEC5KAIYxCM5wOMIeNmXIQ6/uIfgXRc5rHtBb+7+gvt/XpwWD88P6g1TqY9Vsg22SF7JCBHpEHOSJO0CCVDck8eyKPz5Dw7L87rp3XGmf7ZIj/Gef8APCuk6A==</latexit>x1

<latexit sha1_base64="JmniSNXMONvJQNoBJRGEb65nt1A=">AAACI3icbZC9TsMwFIWd8lfCX4GRJaJCYqqSChVGBAtjERSQmqi6cW9aC9uJbAeooj4CKzwBT8OGWBh4F9wSJP7u9PmeY+ncE2ecaeP7b05lZnZufqG66C4tr6yu1dY3LnSaK4odmvJUXcWgkTOJHcMMx6tMIYiY42V8fTzRL29QaZbKczPKMBIwkCxhFIxdnd31mr1a3W/40/H+QlBCnZTT7q07bthPaS5QGspB627gZyYqQBlGOY7dMNeYAb2GAXYtShCoo2KadeztJKnyzBC96fu7twCh9UjE1iPADPVvbbL8T+vmJjmICiaz3KCk1mK1JOeeSb3JyV6fKaSGjywAVcym9OgQFFBji3HdUKHEW5oKAbJfhAkIxkd9TCDnZlyEOvniH4F0Ms1j2wt+d/UXLpqNoNVone7VD4/KHqtki2yTXRKQfXJITkibdAglA3JPHsij8+Q8Oy/O66e14pR/NsmPcd4/AD3opOk=</latexit>x2

<latexit sha1_base64="7+zG6EShKiRFaCvg3+r5aDDy3hg=">AAACJnicbZDNSsNAFIUn9a/Gv6pLN8EiuCqJSHUpunFZwdZCE8rN9KYdnZmEmYlSQt/BrT6BT+NOxJ2P4rRG8O+uvrnnDJx74owzbXz/zanMzS8sLlWX3ZXVtfWN2uZWR6e5otimKU9VNwaNnElsG2Y4djOFIGKOV/HN2VS/ukWlWSovzTjDSMBQsoRRMHbVGfYL/2DSr9X9hj8b7y8EJdRJOa3+puOGg5TmAqWhHLTuBX5mogKUYZTjxA1zjRnQGxhiz6IEgToqZnEn3l6SKs+M0Ju9v3sLEFqPRWw9AsxI/9amy/+0Xm6S46hgMssNSmotVkty7pnUm17tDZhCavjYAlDFbEqPjkABNbYb1w0VSryjqRAgB0WYgGB8PMAEcm4mRaiTL/4RSCezPLa94HdXf6Fz0AiajebFYf3ktOyxSnbILtknATkiJ+SctEibUHJN7skDeXSenGfnxXn9tFac8s82+THO+weWnaYe</latexit>g02

<latexit sha1_base64="6jDmzDnPQojj3p4R4i6uMil+qlE=">AAACLnicbZDNSsNAFIUn/tb4W126CRZBNyURqS5FNy4UFKwtNLXcTG7s4MwkzEyUEvoebvUJfBrBhbj1MZzWCrZ6V9/ccwbOPVHGmTa+/+ZMTc/Mzs2XFtzFpeWV1bXy+rVOc0WxTlOeqmYEGjmTWDfMcGxmCkFEHBvR3clAb9yj0iyVV6aXYVvArWQJo2Ds6iY8s9YYbvY6wc75bmet4lf94Xh/IRhBhYzmolN23DBOaS5QGspB61bgZ6ZdgDKMcuy7Ya4xA3oHt9iyKEGgbhfD2H1vO0mVZ7roDd+/vQUIrXsish4BpqsntcHyP62Vm+SwXTCZ5QYltRarJTn3TOoNrvdippAa3rMAVDGb0qNdUECN7ch1Q4USH2gqBMi4CBMQjPdiTCDnpl+EOvnhsUA6Geax7QWTXf2F671qUKvWLvcrR8ejHktkk2yRHRKQA3JETskFqRNKFHkkT+TZeXFenXfn49s65Yz+bJCxcT6/ALshqKk=</latexit>

!2
1(M)

<latexit sha1_base64="j8d7Pe8Rvwqe5k0ZMKgtzv0r2H8=">AAACLnicbZDNSsNAFIUn/tb4W126CRZBNyURqS5FNy4UFKwtNLXcTG7s4MwkzEyUEvoebvUJfBrBhbj1MZzWCrZ6V9/ccwbOPVHGmTa+/+ZMTc/Mzs2XFtzFpeWV1bXy+rVOc0WxTlOeqmYEGjmTWDfMcGxmCkFEHBvR3clAb9yj0iyVV6aXYVvArWQJo2Ds6iY8s9YYbvY6/s75bmet4lf94Xh/IRhBhYzmolN23DBOaS5QGspB61bgZ6ZdgDKMcuy7Ya4xA3oHt9iyKEGgbhfD2H1vO0mVZ7roDd+/vQUIrXsish4BpqsntcHyP62Vm+SwXTCZ5QYltRarJTn3TOoNrvdippAa3rMAVDGb0qNdUECN7ch1Q4USH2gqBMi4CBMQjPdiTCDnpl+EOvnhsUA6Geax7QWTXf2F671qUKvWLvcrR8ejHktkk2yRHRKQA3JETskFqRNKFHkkT+TZeXFenXfn49s65Yz+bJCxcT6/ALlhqKg=</latexit>

!2
0(M)

<latexit sha1_base64="djDBbkRXVEzssgRQLUao1vqBR/A=">AAACBHicbVA9TwJBEJ3zE88v1NLmIjHBhtwRg5ZEGwtNMJGPBA6yt8zBhr2P7O6ZEELrb7DV2s7Y+j8s/Scu5xUCvurNvDeZmefFnEll21/Gyura+sZmbsvc3tnd288fHDZklAiKdRrxSLQ8IpGzEOuKKY6tWCAJPI5Nb3Q905uPKCSLwgc1jtENyCBkPqNE6Va3c6utfdIt98rFu7NevmCX7BTWMnEyUoAMtV7+u9OPaBJgqCgnUrYdO1buhAjFKMep2UkkxoSOyADbmoYkQOlO0qun1qkfCUsN0Urrv94JCaQcB572BEQN5aI2a/6ntRPlX7oTFsaJwpBqi9b8hFsqsmbPW30mkCo+1oRQwfSVFh0SQajSEZlza6SfbjF1Js5iAsukUS45lVLl/rxQvcrSycExnEARHLiAKtxADepAQcAzvMCr8WS8Ge/Gx691xchmjmAOxucPbw6XhA==</latexit>

!2
2(M)



Higher (Lie) groupoids

Definition

An (n, k)-horn is an n-simplex with the interior and the kth face removed.
The space of (n, k)-horns of M is denoted by Λn

k(M).

There are natural horn maps λn
k : Mn → Λn

k(M).

Definition

A simplicial manifold G is

a Lie ∞-groupoid if all the horn maps are surjective submersions,

a Lie n-groupoid if it is a Lie ∞-groupoid and the horn maps λm
k are

diffeomorphisms for m > n.



Higher (Lie) groupoids

Example

If G ⇒ M is a Lie groupoid, its nerve N(G ) is the Lie 1-groupoid defined
by

N(G )k := G (k) := G×M
(k). . . ×MG .

Example

If A → M is a Lie algebroid, its homotopy ∞-groupoid Π∞(A) is the
∞-groupoid defined by

Π∞(A)k := HomLA(T∆k → A).
Its homotopy 2-groupoid Π2(A) we define by Π2(A)i = Π∞(A)i for
i = 0, 1, and

Π2(A)2 := HomLA(T∆2 → A)/LA homotopy.



General linear 2-groupoid

Definition

Let E → M be a vector bundle. Its general linear 2-groupoid is the Lie
2-groupoid GL2(E ) defined by

GL2(E )0 := M,

GL2(E )1 := {(x0,A01, x1) : x0, x1 ∈ M,A01 : Ex1

∼=→ Ex0}
GL2(E )2 := {(x0, x1, x2,A01,A02,A12) : xi ∈ M,Aij : Exj

∼=→ Exi}.

·

· ·
<latexit sha1_base64="sY9QDJnbR7q0rIFvWpZI4EXNaZo=">AAAB/XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi1WNRBI8V7Ae0IWy2k3bp5oPdjVhC8Td41bM38epv8eg/cRtzsK3v9GbeG2bm+QlnUtn2l1FaWV1b3yhvmlvbO7t7lf2DtoxTQbFFYx6Lrk8kchZhSzHFsZsIJKHPseOPr2d65wGFZHF0ryYJuiEZRixglCjd6tx42aNnT71K1a7ZOaxl4hSkCgWaXuW7P4hpGmKkKCdS9hw7UW5GhGKU49TspxITQsdkiD1NIxKidLP83Kl1EsTCUiO08vqvNyOhlJPQ156QqJFc1GbN/7ReqoJLN2NRkiqMqLZoLUi5pWJr9rU1YAKp4hNNCBVMX2nRERGEKp2NObdGBvkWU2fiLCawTNpnNadeq9+dVxtXRTplOIJjOAUHLqABt9CEFlAYwzO8wKvxZLwZ78bHr7VkFDOHMAfj8wedcJWF</latexit>

Ex0

<latexit sha1_base64="rruujSOqZnWWZY0ewhjd2UwoRSI=">AAAB/XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi1WNRBI8V7Ae0IWy2k3bp5oPdjVhC8Td41bM38epv8eg/cRtzsK3v9GbeG2bm+QlnUtn2l1FaWV1b3yhvmlvbO7t7lf2DtoxTQbFFYx6Lrk8kchZhSzHFsZsIJKHPseOPr2d65wGFZHF0ryYJuiEZRixglCjd6tx42aPnTL1K1a7ZOaxl4hSkCgWaXuW7P4hpGmKkKCdS9hw7UW5GhGKU49TspxITQsdkiD1NIxKidLP83Kl1EsTCUiO08vqvNyOhlJPQ156QqJFc1GbN/7ReqoJLN2NRkiqMqLZoLUi5pWJr9rU1YAKp4hNNCBVMX2nRERGEKp2NObdGBvkWU2fiLCawTNpnNadeq9+dVxtXRTplOIJjOAUHLqABt9CEFlAYwzO8wKvxZLwZ78bHr7VkFDOHMAfj8wefBJWG</latexit>

Ex1

<latexit sha1_base64="pureOfpem2QouxPDsqdt5PxUms0=">AAAB/XicbVBNS8NAEJ34WeNX1aOXYBE8laRI9VgUwWMF+wFtCJvtpF26+WB3I5ZQ/A1e9exNvPpbPPpP3MYcbOs7vZn3hpl5fsKZVLb9Zaysrq1vbJa2zO2d3b398sFhW8apoNiiMY9F1ycSOYuwpZji2E0EktDn2PHH1zO984BCsji6V5ME3ZAMIxYwSpRudW687NGrTb1yxa7aOaxl4hSkAgWaXvm7P4hpGmKkKCdS9hw7UW5GhGKU49TspxITQsdkiD1NIxKidLP83Kl1GsTCUiO08vqvNyOhlJPQ156QqJFc1GbN/7ReqoJLN2NRkiqMqLZoLUi5pWJr9rU1YAKp4hNNCBVMX2nRERGEKp2NObdGBvkWU2fiLCawTNq1qlOv1u/OK42rIp0SHMMJnIEDF9CAW2hCCyiM4Rle4NV4Mt6Md+Pj17piFDNHMAfj8wegmJWH</latexit>

Ex2

<latexit sha1_base64="6ylMkcXOF6JSfNx+J9iQSRQsea4=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIRCpQBGsogkYeUWNH5sk6OnB+6OyNFVvgGWqjpEC3/QsmfcDEuSMJUszuz2t3xYsGVtu0vq7Cyura+UdwsbW3v7O6V9w9aKkokwyaLRCQ7HlUoeIhNzbXATiyRBp7Atje+mentR5SKR+G9nsToBnQYcp8zqk2rddVPbWfaL1fsqp2BLBMnJxXI0eiXv3uDiCUBhpoJqlTXsWPtplRqzgROS71EYUzZmA6xa2hIA1Ruml07JSd+JIkeIcnqv96UBkpNAs94AqpHalGbNf/Tuon2L92Uh3GiMWTGYjQ/EURHZPY0GXCJTIuJIZRJbq4kbEQlZdpEU5pbo/xsS8lk4iwmsExaZ1WnVq3dnVfq13k6RTiCYzgFBy6gDrfQgCYweIBneIFX68l6s96tj19rwcpnDmEO1ucPac6U0Q==</latexit>

A01

<latexit sha1_base64="9MBRBUKfl99IwkbXJ9Vffs31i1E=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRXaEAmWAhjJI5CElVnS+rJMj54fuzkiRFb6BFmo6RMu/UPInXIwLkjDV7M6sdne8WHClbfvLWlldW9/YLGwVt3d29/ZLB4ctFSWSYZNFIpIdjyoUPMSm5lpgJ5ZIA09g2xvfzPT2I0rFo/BeT2J0AzoMuc8Z1abVuuqndnXaL5Xtip2BLBMnJ2XI0eiXvnuDiCUBhpoJqlTXsWPtplRqzgROi71EYUzZmA6xa2hIA1Ruml07Jad+JIkeIcnqv96UBkpNAs94AqpHalGbNf/Tuon2L92Uh3GiMWTGYjQ/EURHZPY0GXCJTIuJIZRJbq4kbEQlZdpEU5xbo/xsS9Fk4iwmsExa1YpTq9Tuzsv16zydAhzDCZyBAxdQh1toQBMYPMAzvMCr9WS9We/Wx691xcpnjmAO1ucPa2KU0g==</latexit>

A02
<latexit sha1_base64="8AjYA6TU8rKaMdiDbakbNlIdUVA=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRXaEAmWAhjJI5CElVnS+rJMj54fuzkiRFb6BFmo6RMu/UPInXIwLkjDV7M6sdne8WHClbfvLWlldW9/YLGwVt3d29/ZLB4ctFSWSYZNFIpIdjyoUPMSm5lpgJ5ZIA09g2xvfzPT2I0rFo/BeT2J0AzoMuc8Z1abVuuqnTnXaL5Xtip2BLBMnJ2XI0eiXvnuDiCUBhpoJqlTXsWPtplRqzgROi71EYUzZmA6xa2hIA1Ruml07Jad+JIkeIcnqv96UBkpNAs94AqpHalGbNf/Tuon2L92Uh3GiMWTGYjQ/EURHZPY0GXCJTIuJIZRJbq4kbEQlZdpEU5xbo/xsS9Fk4iwmsExa1YpTq9Tuzsv16zydAhzDCZyBAxdQh1toQBMYPMAzvMCr9WS9We/Wx691xcpnjmAO1ucPbPeU0w==</latexit>

A12

<latexit sha1_base64="1LE209RN0PUpJNGypS57P6SviuA=">AAAB+3icbVA9T8MwEHXKVwlfBUYWiwqJqUoQKowVLIxFIqVSG1WOe2mtOnZkO0hV1N/ACjMbYuXHMPJPcEMG2vKmd/fe6e5elHKmjed9OZW19Y3Nreq2u7O7t39QOzzqaJkpCgGVXKpuRDRwJiAwzHDopgpIEnF4jCa3c/3xCZRmUjyYaQphQkaCxYwSY1tBn0oxGtTqXsMrgFeJX5I6KtEe1L77Q0mzBIShnGjd873UhDlRhlEOM7efaUgJnZAR9CwVJAEd5sWxM3wWS4XNGHBR//XmJNF6mkTWkxAz1svavPmf1stMfB3mTKSZAUGtxWpxxrGReP4zHjIF1PCpJYQqZq/EdEwUocYm4y6s0XGxxbWZ+MsJrJLORcNvNpr3l/XWTZlOFZ2gU3SOfHSFWugOtVGAKGLoGb2gV2fmvDnvzsevteKUM8doAc7nD1OzlNE=</latexit> →=

<latexit sha1_base64="1LE209RN0PUpJNGypS57P6SviuA=">AAAB+3icbVA9T8MwEHXKVwlfBUYWiwqJqUoQKowVLIxFIqVSG1WOe2mtOnZkO0hV1N/ACjMbYuXHMPJPcEMG2vKmd/fe6e5elHKmjed9OZW19Y3Nreq2u7O7t39QOzzqaJkpCgGVXKpuRDRwJiAwzHDopgpIEnF4jCa3c/3xCZRmUjyYaQphQkaCxYwSY1tBn0oxGtTqXsMrgFeJX5I6KtEe1L77Q0mzBIShnGjd873UhDlRhlEOM7efaUgJnZAR9CwVJAEd5sWxM3wWS4XNGHBR//XmJNF6mkTWkxAz1svavPmf1stMfB3mTKSZAUGtxWpxxrGReP4zHjIF1PCpJYQqZq/EdEwUocYm4y6s0XGxxbWZ+MsJrJLORcNvNpr3l/XWTZlOFZ2gU3SOfHSFWugOtVGAKGLoGb2gV2fmvDnvzsevteKUM8doAc7nD1OzlNE=</latexit>→=
<latexit sha1_base64="1LE209RN0PUpJNGypS57P6SviuA=">AAAB+3icbVA9T8MwEHXKVwlfBUYWiwqJqUoQKowVLIxFIqVSG1WOe2mtOnZkO0hV1N/ACjMbYuXHMPJPcEMG2vKmd/fe6e5elHKmjed9OZW19Y3Nreq2u7O7t39QOzzqaJkpCgGVXKpuRDRwJiAwzHDopgpIEnF4jCa3c/3xCZRmUjyYaQphQkaCxYwSY1tBn0oxGtTqXsMrgFeJX5I6KtEe1L77Q0mzBIShnGjd873UhDlRhlEOM7efaUgJnZAR9CwVJAEd5sWxM3wWS4XNGHBR//XmJNF6mkTWkxAz1svavPmf1stMfB3mTKSZAUGtxWpxxrGReP4zHjIF1PCpJYQqZq/EdEwUocYm4y6s0XGxxbWZ+MsJrJLORcNvNpr3l/XWTZlOFZ2gU3SOfHSFWugOtVGAKGLoGb2gV2fmvDnvzsevteKUM8doAc7nD1OzlNE=</latexit>→= Very important: we do not impose

A01A12 − A02 = 0.



General linear 2-groupoid

Definition

The curvature bundle Curv2(E ) → GL2(E ) is the simplicial vector bundle
given by Curv2(E )0 = Curv2(E )1 := 0 and(

Curv2(E )2
)
(xi ,Aij )

:= {H012 : Ex2 → Ex0}.

The curvature section K : GL2(E ) → Curv2(E ) is defined by

K (xi ,Aij) := A01A12 − A02.

·

· ·
<latexit sha1_base64="sY9QDJnbR7q0rIFvWpZI4EXNaZo=">AAAB/XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi1WNRBI8V7Ae0IWy2k3bp5oPdjVhC8Td41bM38epv8eg/cRtzsK3v9GbeG2bm+QlnUtn2l1FaWV1b3yhvmlvbO7t7lf2DtoxTQbFFYx6Lrk8kchZhSzHFsZsIJKHPseOPr2d65wGFZHF0ryYJuiEZRixglCjd6tx42aNnT71K1a7ZOaxl4hSkCgWaXuW7P4hpGmKkKCdS9hw7UW5GhGKU49TspxITQsdkiD1NIxKidLP83Kl1EsTCUiO08vqvNyOhlJPQ156QqJFc1GbN/7ReqoJLN2NRkiqMqLZoLUi5pWJr9rU1YAKp4hNNCBVMX2nRERGEKp2NObdGBvkWU2fiLCawTNpnNadeq9+dVxtXRTplOIJjOAUHLqABt9CEFlAYwzO8wKvxZLwZ78bHr7VkFDOHMAfj8wedcJWF</latexit>

Ex0

<latexit sha1_base64="rruujSOqZnWWZY0ewhjd2UwoRSI=">AAAB/XicbVBNS8NAEJ3Urxq/qh69BIvgqSQi1WNRBI8V7Ae0IWy2k3bp5oPdjVhC8Td41bM38epv8eg/cRtzsK3v9GbeG2bm+QlnUtn2l1FaWV1b3yhvmlvbO7t7lf2DtoxTQbFFYx6Lrk8kchZhSzHFsZsIJKHPseOPr2d65wGFZHF0ryYJuiEZRixglCjd6tx42aPnTL1K1a7ZOaxl4hSkCgWaXuW7P4hpGmKkKCdS9hw7UW5GhGKU49TspxITQsdkiD1NIxKidLP83Kl1EsTCUiO08vqvNyOhlJPQ156QqJFc1GbN/7ReqoJLN2NRkiqMqLZoLUi5pWJr9rU1YAKp4hNNCBVMX2nRERGEKp2NObdGBvkWU2fiLCawTNpnNadeq9+dVxtXRTplOIJjOAUHLqABt9CEFlAYwzO8wKvxZLwZ78bHr7VkFDOHMAfj8wefBJWG</latexit>

Ex1

<latexit sha1_base64="pureOfpem2QouxPDsqdt5PxUms0=">AAAB/XicbVBNS8NAEJ34WeNX1aOXYBE8laRI9VgUwWMF+wFtCJvtpF26+WB3I5ZQ/A1e9exNvPpbPPpP3MYcbOs7vZn3hpl5fsKZVLb9Zaysrq1vbJa2zO2d3b398sFhW8apoNiiMY9F1ycSOYuwpZji2E0EktDn2PHH1zO984BCsji6V5ME3ZAMIxYwSpRudW687NGrTb1yxa7aOaxl4hSkAgWaXvm7P4hpGmKkKCdS9hw7UW5GhGKU49TspxITQsdkiD1NIxKidLP83Kl1GsTCUiO08vqvNyOhlJPQ156QqJFc1GbN/7ReqoJLN2NRkiqMqLZoLUi5pWJr9rU1YAKp4hNNCBVMX2nRERGEKp2NObdGBvkWU2fiLCawTNq1qlOv1u/OK42rIp0SHMMJnIEDF9CAW2hCCyiM4Rle4NV4Mt6Md+Pj17piFDNHMAfj8wegmJWH</latexit>

Ex2

<latexit sha1_base64="6ylMkcXOF6JSfNx+J9iQSRQsea4=">AAAB/HicbVC7TsNAEFyHVwivACXNiQiJKrIRCpQBGsogkYeUWNH5sk6OnB+6OyNFVvgGWqjpEC3/QsmfcDEuSMJUszuz2t3xYsGVtu0vq7Cyura+UdwsbW3v7O6V9w9aKkokwyaLRCQ7HlUoeIhNzbXATiyRBp7Atje+mentR5SKR+G9nsToBnQYcp8zqk2rddVPbWfaL1fsqp2BLBMnJxXI0eiXv3uDiCUBhpoJqlTXsWPtplRqzgROS71EYUzZmA6xa2hIA1Ruml07JSd+JIkeIcnqv96UBkpNAs94AqpHalGbNf/Tuon2L92Uh3GiMWTGYjQ/EURHZPY0GXCJTIuJIZRJbq4kbEQlZdpEU5pbo/xsS8lk4iwmsExaZ1WnVq3dnVfq13k6RTiCYzgFBy6gDrfQgCYweIBneIFX68l6s96tj19rwcpnDmEO1ucPac6U0Q==</latexit>

A01

<latexit sha1_base64="9MBRBUKfl99IwkbXJ9Vffs31i1E=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRXaEAmWAhjJI5CElVnS+rJMj54fuzkiRFb6BFmo6RMu/UPInXIwLkjDV7M6sdne8WHClbfvLWlldW9/YLGwVt3d29/ZLB4ctFSWSYZNFIpIdjyoUPMSm5lpgJ5ZIA09g2xvfzPT2I0rFo/BeT2J0AzoMuc8Z1abVuuqndnXaL5Xtip2BLBMnJ2XI0eiXvnuDiCUBhpoJqlTXsWPtplRqzgROi71EYUzZmA6xa2hIA1Ruml07Jad+JIkeIcnqv96UBkpNAs94AqpHalGbNf/Tuon2L92Uh3GiMWTGYjQ/EURHZPY0GXCJTIuJIZRJbq4kbEQlZdpEU5xbo/xsS9Fk4iwmsExa1YpTq9Tuzsv16zydAhzDCZyBAxdQh1toQBMYPMAzvMCr9WS9We/Wx691xcpnjmAO1ucPa2KU0g==</latexit>

A02
<latexit sha1_base64="8AjYA6TU8rKaMdiDbakbNlIdUVA=">AAAB/HicbVC7TsNAEFzzDOEVoKQ5ESFRRXaEAmWAhjJI5CElVnS+rJMj54fuzkiRFb6BFmo6RMu/UPInXIwLkjDV7M6sdne8WHClbfvLWlldW9/YLGwVt3d29/ZLB4ctFSWSYZNFIpIdjyoUPMSm5lpgJ5ZIA09g2xvfzPT2I0rFo/BeT2J0AzoMuc8Z1abVuuqnTnXaL5Xtip2BLBMnJ2XI0eiXvnuDiCUBhpoJqlTXsWPtplRqzgROi71EYUzZmA6xa2hIA1Ruml07Jad+JIkeIcnqv96UBkpNAs94AqpHalGbNf/Tuon2L92Uh3GiMWTGYjQ/EURHZPY0GXCJTIuJIZRJbq4kbEQlZdpEU5xbo/xsS9Fk4iwmsExa1YpTq9Tuzsv16zydAhzDCZyBAxdQh1toQBMYPMAzvMCr9WS9We/Wx691xcpnjmAO1ucPbPeU0w==</latexit>

A12

<latexit sha1_base64="1LE209RN0PUpJNGypS57P6SviuA=">AAAB+3icbVA9T8MwEHXKVwlfBUYWiwqJqUoQKowVLIxFIqVSG1WOe2mtOnZkO0hV1N/ACjMbYuXHMPJPcEMG2vKmd/fe6e5elHKmjed9OZW19Y3Nreq2u7O7t39QOzzqaJkpCgGVXKpuRDRwJiAwzHDopgpIEnF4jCa3c/3xCZRmUjyYaQphQkaCxYwSY1tBn0oxGtTqXsMrgFeJX5I6KtEe1L77Q0mzBIShnGjd873UhDlRhlEOM7efaUgJnZAR9CwVJAEd5sWxM3wWS4XNGHBR//XmJNF6mkTWkxAz1svavPmf1stMfB3mTKSZAUGtxWpxxrGReP4zHjIF1PCpJYQqZq/EdEwUocYm4y6s0XGxxbWZ+MsJrJLORcNvNpr3l/XWTZlOFZ2gU3SOfHSFWugOtVGAKGLoGb2gV2fmvDnvzsevteKUM8doAc7nD1OzlNE=</latexit> →=

<latexit sha1_base64="1LE209RN0PUpJNGypS57P6SviuA=">AAAB+3icbVA9T8MwEHXKVwlfBUYWiwqJqUoQKowVLIxFIqVSG1WOe2mtOnZkO0hV1N/ACjMbYuXHMPJPcEMG2vKmd/fe6e5elHKmjed9OZW19Y3Nreq2u7O7t39QOzzqaJkpCgGVXKpuRDRwJiAwzHDopgpIEnF4jCa3c/3xCZRmUjyYaQphQkaCxYwSY1tBn0oxGtTqXsMrgFeJX5I6KtEe1L77Q0mzBIShnGjd873UhDlRhlEOM7efaUgJnZAR9CwVJAEd5sWxM3wWS4XNGHBR//XmJNF6mkTWkxAz1svavPmf1stMfB3mTKSZAUGtxWpxxrGReP4zHjIF1PCpJYQqZq/EdEwUocYm4y6s0XGxxbWZ+MsJrJLORcNvNpr3l/XWTZlOFZ2gU3SOfHSFWugOtVGAKGLoGb2gV2fmvDnvzsevteKUM8doAc7nD1OzlNE=</latexit>→=
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Notice: K−1(0) ∼= N(GL(E )).



Parallel transport

Proposition

An A-connection ∇ on E induces a 2-functor τ : Π2(A) → GL2(E ) as
follows:

τ0 := id,

τ1(a) := τa,

τ2(σ) := (x0(σ), x1(σ), x2(σ), τg01(σ), τg02(σ), τg12(σ)).

Moreover, τ is such that

K (τ(σ)) =

∫
σ
R∇

τ∗Curv2(E ) Curv2(E )

Π2(A) GL2(E )

τ∗K

τ

K τ∗K =

∫
R∇



Riemann–Hilbert correspondence revisited

Theorem (Riemann–Hilbert correspondence II)

There is a commutative diagram

ConnA(E ) [Π2(A),GL2(E )]
∞
∗

FlatA(E ) [Π2(A),GL2(E )]
∞
∗,flat

where the vertical arrows are inclusions of full subcategories and the
horizontal arrows are equivalences of categories.

A functor τ : Π2(A) → GL2(E) is flat if τ
∗K = 0.

Moreover, there is an equivalence of categories

[Π2(A),GL2(E )]
∞
∗,flat

∼= [Π1(A),GL(E )]
∞
∗ .



Holonomy

Definition

Let ∇ be an A-connection on a vector bundle E → M. We define its
holonomy 2-group at x ∈ M as

Hol2(∇) := τ(Π2(A))x .

If G is a Lie ∞-groupoid, its isotropy over x ∈ G0 is the Lie ∞-group Gx given by

(Gx)n := {σ ∈ Gn : xi (σ) = x , for all i = 0, . . . , n}.

⑩.
_
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To compute its Lie 2-algebra, we first compute its tangent complex.



Tangent complex of higher Lie groupoids

How to differentiate higher Lie groupoids?

In general, very hard problem.

First step: tangent complex.

Definition

If G is a Lie ∞-groupoid, its tangent complex is the complex of vector
bundles (A → G0, ∂) defined by

An :=
n⋂

k=1

ker fk∗|G0 ,

∂ := f0∗.

Example

If G ⇒ M is a Lie groupoid, then its tangent complex is ρ : A → TM.



Tangent complex of the isotropy

If G is a Lie ∞-groupoid and x ∈ G0, we can compute the tangent
complex of Gx as follows:

consider

Hn := {σ ∈ (Gx)n : fk(σ) = x , for all k = 1, . . . , n} ⊆ (Gx)n,

then the tangent complex of Gx is obtained by differentiating

. . .
f0−→ Hn

f0−→ Hn−1
f0−→ . . .

f0−→ H1

at x .



Tangent complex of the holonomy

In the case of Hol2(∇):

⑩.
_
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<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑
<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑
<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

<latexit sha1_base64="s9J2hovWqpx+6so2jbi0Gd4v98g=">AAACCXicdVC7TsMwFHV4lvBKYWSxqJCYoqS0adgqWBiLRB9SG1WO67RWnYdsB1RF/QK+gRVmNsTKVzDyJzihSBTBmY7vOdY99/gJo0Ja1ru2srq2vrFZ2tK3d3b39o3yQUfEKcekjWMW856PBGE0Im1JJSO9hBMU+ox0/ellrndvCRc0jm7kLCFeiMYRDShGUo2GRnkQIjkRQYbjSHKE5XxoVCyzUa+e12xomXbdcZ2znFh1161C27QKVMACraHxMRjFOA1JJDFDQvRtK5FehrikmJG5PkgFSRCeojHpKxqhkAgvK6LP4UkQcygnBBbvn94MhULMQl95ioi/tXz4l9ZPZeB6GY2SVJIIK4vSgpRBGcO8ATiinGDJZoogzKlKCfEE5bernvSlNSIotuiqk+/D4f+kUzVtx3Sua5XmxaKdEjgCx+AU2KABmuAKtEAbYHAHHsAjeNLutWftRXv9sq5oiz+HYAna2ydm25r9</latexit>

contract



Tangent complex of the holonomy

In the case of Hol2(∇):

σ
⑩

<latexit sha1_base64="1vwYpEGCn9JFILwIC+kqNvc6Elw=">AAAB93icbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjKRyENKrOh8WSennB+6OyMsK19ACzUdouVzKPkTLsYFSZhqdmdWuzteLLjStv1lra1vbG5tl3bKu3v7B4eVo+OOihLJsM0iEcmeRxUKHmJbcy2wF0ukgSew603v5nr3EaXiUfig0xjdgI5D7nNGtWm1noaVql2zc5BV4hSkCgWaw8r3YBSxJMBQM0GV6jt2rN2MSs2ZwFl5kCiMKZvSMfYNDWmAys3yQ2fk3I8k0RMkef3Xm9FAqTTwjCegeqKWtXnzP62faP/GzXgYJxpDZixG8xNBdETm/5IRl8i0SA2hTHJzJWETKinTJpXywhrl51vKJhNnOYFV0rmsOfVavXVVbdwW6ZTgFM7gAhy4hgbcQxPawADhGV7g1UqtN+vd+vi1rlnFzAkswPr8AU34kx4=</latexit>x<latexit sha1_base64="1vwYpEGCn9JFILwIC+kqNvc6Elw=">AAAB93icbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjKRyENKrOh8WSennB+6OyMsK19ACzUdouVzKPkTLsYFSZhqdmdWuzteLLjStv1lra1vbG5tl3bKu3v7B4eVo+OOihLJsM0iEcmeRxUKHmJbcy2wF0ukgSew603v5nr3EaXiUfig0xjdgI5D7nNGtWm1noaVql2zc5BV4hSkCgWaw8r3YBSxJMBQM0GV6jt2rN2MSs2ZwFl5kCiMKZvSMfYNDWmAys3yQ2fk3I8k0RMkef3Xm9FAqTTwjCegeqKWtXnzP62faP/GzXgYJxpDZixG8xNBdETm/5IRl8i0SA2hTHJzJWETKinTJpXywhrl51vKJhNnOYFV0rmsOfVavXVVbdwW6ZTgFM7gAhy4hgbcQxPawADhGV7g1UqtN+vd+vi1rlnFzAkswPr8AU34kx4=</latexit>x<latexit sha1_base64="1vwYpEGCn9JFILwIC+kqNvc6Elw=">AAAB93icbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjKRyENKrOh8WSennB+6OyMsK19ACzUdouVzKPkTLsYFSZhqdmdWuzteLLjStv1lra1vbG5tl3bKu3v7B4eVo+OOihLJsM0iEcmeRxUKHmJbcy2wF0ukgSew603v5nr3EaXiUfig0xjdgI5D7nNGtWm1noaVql2zc5BV4hSkCgWaw8r3YBSxJMBQM0GV6jt2rN2MSs2ZwFl5kCiMKZvSMfYNDWmAys3yQ2fk3I8k0RMkef3Xm9FAqTTwjCegeqKWtXnzP62faP/GzXgYJxpDZixG8xNBdETm/5IRl8i0SA2hTHJzJWETKinTJpXywhrl51vKJhNnOYFV0rmsOfVavXVVbdwW6ZTgFM7gAhy4hgbcQxPawADhGV7g1UqtN+vd+vi1rlnFzAkswPr8AU34kx4=</latexit>x

<latexit sha1_base64="pvPVa38gtir/jUCTGFjO6vhdb7g=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyzo55fzQ3RnJsvIFtFDTIVo+h5I/4WJckISpZndmtbvjxYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZRIhh0WiUj2PapQ8BA7mmuB/VgiDTyBPW92v9B7TygVj8JHncboBnQScp8zqk2rPRlVa3bdzkHWiVOQGhRojarfw3HEkgBDzQRVauDYsXYzKjVnAueVYaIwpmxGJzgwNKQBKjfLD52TCz+SRE+R5PVfb0YDpdLAM56A6qla1RbN/7RBov1bN+NhnGgMmbEYzU8E0RFZ/EvGXCLTIjWEMsnNlYRNqaRMm1QqS2uUn2+pmEyc1QTWSfeq7jTqjfZ1rXlXpFOGMziHS3DgBprwAC3oAAOEZ3iBVyu13qx36+PXWrKKmVNYgvX5AzM1kw0=</latexit>g

<latexit sha1_base64="z+ljXrRroJgy5ji8lUyoz1YsFO0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIRCpQRNJRBkIeUWNH5snZOOT90d0aKrHwCLdR0iJavoeRPuBgXJGGq2Z1Z7e54ieBK2/aXVVpb39jcKm9Xdnb39g+qh0cdFaeSYZvFIpY9jyoUPMK25lpgL5FIQ09g15vczvXuE0rF4+hRTxN0QxpE3OeMatN6CIb2sFqz63YOskqcgtSgQGtY/R6MYpaGGGkmqFJ9x060m1GpORM4qwxShQllExpg39CIhqjcLD91Rs78WBI9RpLXf70ZDZWahp7xhFSP1bI2b/6n9VPtX7sZj5JUY8SMxWh+KoiOyfxjMuISmRZTQyiT3FxJ2JhKyrTJpbKwRvn5lorJxFlOYJV0LupOo964v6w1b4p0ynACp3AODlxBE+6gBW1gEMAzvMCrlVlv1rv18WstWcXMMSzA+vwBX3aTsA==</latexit>g0 <latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑
<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑
<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

The tangent complex hol2(∇) we obtain by differentiating at the identity

{τa : a is a null A-homotopic A-path} ↪−→ Hol(∇)



Tangent complex of the holonomy

In the case of Hol2(∇):

σ
⑩

<latexit sha1_base64="1vwYpEGCn9JFILwIC+kqNvc6Elw=">AAAB93icbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjKRyENKrOh8WSennB+6OyMsK19ACzUdouVzKPkTLsYFSZhqdmdWuzteLLjStv1lra1vbG5tl3bKu3v7B4eVo+OOihLJsM0iEcmeRxUKHmJbcy2wF0ukgSew603v5nr3EaXiUfig0xjdgI5D7nNGtWm1noaVql2zc5BV4hSkCgWaw8r3YBSxJMBQM0GV6jt2rN2MSs2ZwFl5kCiMKZvSMfYNDWmAys3yQ2fk3I8k0RMkef3Xm9FAqTTwjCegeqKWtXnzP62faP/GzXgYJxpDZixG8xNBdETm/5IRl8i0SA2hTHJzJWETKinTJpXywhrl51vKJhNnOYFV0rmsOfVavXVVbdwW6ZTgFM7gAhy4hgbcQxPawADhGV7g1UqtN+vd+vi1rlnFzAkswPr8AU34kx4=</latexit>x<latexit sha1_base64="1vwYpEGCn9JFILwIC+kqNvc6Elw=">AAAB93icbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjKRyENKrOh8WSennB+6OyMsK19ACzUdouVzKPkTLsYFSZhqdmdWuzteLLjStv1lra1vbG5tl3bKu3v7B4eVo+OOihLJsM0iEcmeRxUKHmJbcy2wF0ukgSew603v5nr3EaXiUfig0xjdgI5D7nNGtWm1noaVql2zc5BV4hSkCgWaw8r3YBSxJMBQM0GV6jt2rN2MSs2ZwFl5kCiMKZvSMfYNDWmAys3yQ2fk3I8k0RMkef3Xm9FAqTTwjCegeqKWtXnzP62faP/GzXgYJxpDZixG8xNBdETm/5IRl8i0SA2hTHJzJWETKinTJpXywhrl51vKJhNnOYFV0rmsOfVavXVVbdwW6ZTgFM7gAhy4hgbcQxPawADhGV7g1UqtN+vd+vi1rlnFzAkswPr8AU34kx4=</latexit>x<latexit sha1_base64="1vwYpEGCn9JFILwIC+kqNvc6Elw=">AAAB93icbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgTKChjKRyENKrOh8WSennB+6OyMsK19ACzUdouVzKPkTLsYFSZhqdmdWuzteLLjStv1lra1vbG5tl3bKu3v7B4eVo+OOihLJsM0iEcmeRxUKHmJbcy2wF0ukgSew603v5nr3EaXiUfig0xjdgI5D7nNGtWm1noaVql2zc5BV4hSkCgWaw8r3YBSxJMBQM0GV6jt2rN2MSs2ZwFl5kCiMKZvSMfYNDWmAys3yQ2fk3I8k0RMkef3Xm9FAqTTwjCegeqKWtXnzP62faP/GzXgYJxpDZixG8xNBdETm/5IRl8i0SA2hTHJzJWETKinTJpXywhrl51vKJhNnOYFV0rmsOfVavXVVbdwW6ZTgFM7gAhy4hgbcQxPawADhGV7g1UqtN+vd+vi1rlnFzAkswPr8AU34kx4=</latexit>x

<latexit sha1_base64="pvPVa38gtir/jUCTGFjO6vhdb7g=">AAAB93icbVC7TsNAEFyHVwivACXNiQiJKrIRCpQRNJSJRB5SYkXnyzo55fzQ3RnJsvIFtFDTIVo+h5I/4WJckISpZndmtbvjxYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZRIhh0WiUj2PapQ8BA7mmuB/VgiDTyBPW92v9B7TygVj8JHncboBnQScp8zqk2rPRlVa3bdzkHWiVOQGhRojarfw3HEkgBDzQRVauDYsXYzKjVnAueVYaIwpmxGJzgwNKQBKjfLD52TCz+SRE+R5PVfb0YDpdLAM56A6qla1RbN/7RBov1bN+NhnGgMmbEYzU8E0RFZ/EvGXCLTIjWEMsnNlYRNqaRMm1QqS2uUn2+pmEyc1QTWSfeq7jTqjfZ1rXlXpFOGMziHS3DgBprwAC3oAAOEZ3iBVyu13qx36+PXWrKKmVNYgvX5AzM1kw0=</latexit>g

<latexit sha1_base64="z+ljXrRroJgy5ji8lUyoz1YsFO0=">AAAB+XicbVC7TsNAEFyHVwivACXNiQiJKrIRCpQRNJRBkIeUWNH5snZOOT90d0aKrHwCLdR0iJavoeRPuBgXJGGq2Z1Z7e54ieBK2/aXVVpb39jcKm9Xdnb39g+qh0cdFaeSYZvFIpY9jyoUPMK25lpgL5FIQ09g15vczvXuE0rF4+hRTxN0QxpE3OeMatN6CIb2sFqz63YOskqcgtSgQGtY/R6MYpaGGGkmqFJ9x060m1GpORM4qwxShQllExpg39CIhqjcLD91Rs78WBI9RpLXf70ZDZWahp7xhFSP1bI2b/6n9VPtX7sZj5JUY8SMxWh+KoiOyfxjMuISmRZTQyiT3FxJ2JhKyrTJpbKwRvn5lorJxFlOYJV0LupOo964v6w1b4p0ynACp3AODlxBE+6gBW1gEMAzvMCrlVlv1rv18WstWcXMMSzA+vwBX3aTsA==</latexit>g0 <latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑
<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑
<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

<latexit sha1_base64="LNuG8Bwe+R6AepRDMc8s1FqFhlo=">AAACB3icbVC7TsMwFHXKq4RHA4wsFhUSU5UgVBgrWBiLRB9SG1WO6yRWHTuyHVAV9QP4BlaY2RArn8HIn+CGDLTlTOfec67uvSdIGVXadb+sytr6xuZWddve2d3brzkHh10lMolJBwsmZD9AijDKSUdTzUg/lQQlASO9YHIz13sPRCoq+L2epsRPUMRpSDHSpjVyakMmeCRpFGskpXgcOXW34RaAq8QrSR2UaI+c7+FY4CwhXGOGlBp4bqr9HElNMSMze5gpkiI8QREZGMpRQpSfF4fP4GkoJNQxgUX915ujRKlpEhhPgnSslrV58z9tkOnwys8pTzNNODYWo4UZg1rA+f9wTCXBmk0NQVhScyXEMZIIa5OSvbBGhcUW22TiLSewSrrnDa/ZaN5d1FvXZTpVcAxOwBnwwCVogVvQBh2AQQaewQt4tZ6sN+vd+vi1Vqxy5ggswPr8ATSNmbg=</latexit>→↑

The tangent complex hol2(∇) we obtain by differentiating at the identity

Curv(∇) ↪−→ Hol(∇)



Monodromy

As a 2-group, we have that

π1(Hol2(∇)) = Hol(∇)/Curv(∇).
We could call this the monodromy group of ∇.

If A = TM we have that

π1(Hol2(∇)) = Hol(∇)/Hol0(∇) = Mon(∇),
which is discrete.

If A has isotropy, then

π1(Hol2(∇)) = Hol(∇)/Curv(∇)
is non-discrete. These are the isotropy terms from Fernandes’s version
of Ambrose–Singer.



Generalized geometry?

Where is generalized geometry?

Courant algebroids = symplectic Lie 2-algebroids.

Notice:

Parallel transport τ : Π2(A) → GL2(E ) is fully determined by what it
does on Π2(A)1.

If A is a Courant algebroid, we need to genuinely see Π2(A), so
A-connections on vector bundles are not enough, we need to go
higher!

We need to consider

higher A-connections on graded vector bundles E =
⊕

i≥0 E
i .



Going higher

Theorem

Let A → M be a higher Lie algebroid and E → M a graded vector bundle.
Then there is a commutative diagram

HConnA(E ) [Π∞(A),GL∞(E )]∞∗

HFlatA(E ) [Π∞(A),GL∞(E )]∞∗,flat

where the vertical arrows are inclusions of full subcategories.
Moreover, if E =

⊕n−1
i=0 E i , then the diagram becomes

HConnA(E ) [Πn+1(A),GLn+1(E )]
∞
∗

HFlatA(E ) [Πn+1(A),GLn+1(E )]
∞
∗,flat.



Thanks



Smoothness of the holonomy 2-group

Recall: Hol2(∇) is the 2-group

Hol2(∇)2 Hol(∇) x ,

where

Hol2(∇)2 = {(τa0 ,τa1 , τa2) : ai are A-loops at x such that

there is a 2-A-simplex whose boundary is (a0, a1, a2)}

Proposition

There is a groupoid structure Hol2(∇)2 ⇒ Hol(∇).

· :
<latexit sha1_base64="vEs9taPXD77QRxlTmMeDc0sXZzg=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoCXRxhIS+UjgQvaWOdiw95HdPQO58AtstbUztv4dO3+Ky3mFgK96M+9NZuZ5seBK2/aXVdjY3NreKe6W9vYPDo/KxydtFSWSYYtFIpJdjyoUPMSW5lpgN5ZIA09gx5vcL/TOE0rFo/BRz2J0AzoKuc8Z1abVnA7KFbtqZyDrxMlJBXI0BuXv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZGtIAlZtmh87JhR9JosdIsvqvN6WBUrPAM56A6rFa1RbN/7Reov1bN+VhnGgMmbEYzU8E0RFZ/EuGXCLTYmYIZZKbKwkbU0mZNqksbVF+tqRkInFWA1gn7auqU6vWmteV+l0eThHO4BwuwYEbqMMDNKAFDBCe4QVeran1Zr1bH7/WgpXPnMISrM8fzGqTDg==</latexit>x <latexit sha1_base64="vEs9taPXD77QRxlTmMeDc0sXZzg=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoCXRxhIS+UjgQvaWOdiw95HdPQO58AtstbUztv4dO3+Ky3mFgK96M+9NZuZ5seBK2/aXVdjY3NreKe6W9vYPDo/KxydtFSWSYYtFIpJdjyoUPMSW5lpgN5ZIA09gx5vcL/TOE0rFo/BRz2J0AzoKuc8Z1abVnA7KFbtqZyDrxMlJBXI0BuXv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZGtIAlZtmh87JhR9JosdIsvqvN6WBUrPAM56A6rFa1RbN/7Reov1bN+VhnGgMmbEYzU8E0RFZ/EuGXCLTYmYIZZKbKwkbU0mZNqksbVF+tqRkInFWA1gn7auqU6vWmteV+l0eThHO4BwuwYEbqMMDNKAFDBCe4QVeran1Zr1bH7/WgpXPnMISrM8fzGqTDg==</latexit>x

<latexit sha1_base64="vEs9taPXD77QRxlTmMeDc0sXZzg=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoCXRxhIS+UjgQvaWOdiw95HdPQO58AtstbUztv4dO3+Ky3mFgK96M+9NZuZ5seBK2/aXVdjY3NreKe6W9vYPDo/KxydtFSWSYYtFIpJdjyoUPMSW5lpgN5ZIA09gx5vcL/TOE0rFo/BRz2J0AzoKuc8Z1abVnA7KFbtqZyDrxMlJBXI0BuXv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZGtIAlZtmh87JhR9JosdIsvqvN6WBUrPAM56A6rFa1RbN/7Reov1bN+VhnGgMmbEYzU8E0RFZ/EuGXCLTYmYIZZKbKwkbU0mZNqksbVF+tqRkInFWA1gn7auqU6vWmteV+l0eThHO4BwuwYEbqMMDNKAFDBCe4QVeran1Zr1bH7/WgpXPnMISrM8fzGqTDg==</latexit>x

<latexit sha1_base64="uWvwvptER6KMgHl341wKl4xhkXI=">AAAB/3icbVC7TsNAEFyHVwivACWNRYREFdkIBcoIGsogkQSRWNb5sk5OOZ+tuzNSZKXgH2ihpUO0fAodn8LFuCAJU83uzGp3J0g4U9pxvqzSyura+kZ5s7K1vbO7V90/6Kg4lRTbNOaxvA+IQs4EtjXTHO8TiSQKOHaD8fVM7z6iVCwWd3qSoBeRoWAho0Sb1kNfk9TPiO9M/WrNqTs57GXiFqQGBVp+9bs/iGkaodCUE6V6rpNoLyNSM8pxWumnChNCx2SIPUMFiVB5WX7x1D4JY2nrEdp5/debkUipSRQYT0T0SC1qs+Z/Wi/V4aWXMZGkGgU1FqOFKbd1bM8etwdMItV8YgihkpkrbToiklBt4pnbosJ8ScVE4i4GsEw6Z3W3UW/cnteaV0U4ZTiCYzgFFy6gCTfQgjZQEPAML/BqPVlv1rv18WstWcXMIczB+vwBmXCW3Q==</latexit>ωa0

<latexit sha1_base64="wdpNjCD8Trh0R5RMwusy9De/B7k=">AAAB/3icbVC7TsNAEDyHVwivACWNRYREFdkIBcoIGsogkQSRWNb5sk5OOZ+tuzVSZKXgH2ihpUO0fAodn8LFuCAJU83uzGp3J0gE1+g4X1ZpZXVtfaO8Wdna3tndq+4fdHScKgZtFotY3QdUg+AS2shRwH2igEaBgG4wvp7p3UdQmsfyDicJeBEdSh5yRtG0HvpIUz+jvjv1qzWn7uSwl4lbkBop0PKr3/1BzNIIJDJBte65ToJeRhVyJmBa6acaEsrGdAg9QyWNQHtZfvHUPgljZeMI7Lz+681opPUkCownojjSi9qs+Z/WSzG89DIukxRBMmMxWpgKG2N79rg94AoYiokhlClurrTZiCrK0MQzt0WH+ZKKicRdDGCZdM7qbqPeuD2vNa+KcMrkiByTU+KSC9IkN6RF2oQRSZ7JC3m1nqw36936+LWWrGLmkMzB+vwBmwOW3g==</latexit>ωa1

<latexit sha1_base64="n24PsDhq58eaSmrz4cYpoONVK9o=">AAAB/3icbVC7TsNAEDyHVwivACWNRYREFdkRCpQRNJRBIg+RWNH5sk5OOZ+tuzVSZKXgH2ihpUO0fAodn8LFuCAJU83uzGp3x48F1+g4X1ZhbX1jc6u4XdrZ3ds/KB8etXWUKAYtFolIdX2qQXAJLeQooBsroKEvoONPbuZ65xGU5pG8x2kMXkhHkgecUTSthz7SZJDSQW02KFecqpPBXiVuTiokR3NQ/u4PI5aEIJEJqnXPdWL0UqqQMwGzUj/REFM2oSPoGSppCNpLs4tn9lkQKRvHYGf1X29KQ62noW88IcWxXtbmzf+0XoLBlZdyGScIkhmL0YJE2BjZ88ftIVfAUEwNoUxxc6XNxlRRhiaehS06yJaUTCTucgCrpF2ruvVq/e6i0rjOwymSE3JKzolLLkmD3JImaRFGJHkmL+TVerLerHfr49dasPKZY7IA6/MHnJaW3w==</latexit>ωa2

We picture this as an arrow

τa2 τa1

τa0



Smoothness of the holonomy 2-group

Recall: Hol2(∇) is the 2-group

Hol2(∇)2 Hol(∇) x ,

where

Hol2(∇)2 = {(τa0 ,τa1 , τa2) : ai are A-loops at x such that

there is a 2-A-simplex whose boundary is (a0, a1, a2)}

Proposition

There is a groupoid structure Hol2(∇)2 ⇒ Hol(∇).

<latexit sha1_base64="vEs9taPXD77QRxlTmMeDc0sXZzg=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoCXRxhIS+UjgQvaWOdiw95HdPQO58AtstbUztv4dO3+Ky3mFgK96M+9NZuZ5seBK2/aXVdjY3NreKe6W9vYPDo/KxydtFSWSYYtFIpJdjyoUPMSW5lpgN5ZIA09gx5vcL/TOE0rFo/BRz2J0AzoKuc8Z1abVnA7KFbtqZyDrxMlJBXI0BuXv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZGtIAlZtmh87JhR9JosdIsvqvN6WBUrPAM56A6rFa1RbN/7Reov1bN+VhnGgMmbEYzU8E0RFZ/EuGXCLTYmYIZZKbKwkbU0mZNqksbVF+tqRkInFWA1gn7auqU6vWmteV+l0eThHO4BwuwYEbqMMDNKAFDBCe4QVeran1Zr1bH7/WgpXPnMISrM8fzGqTDg==</latexit>x <latexit sha1_base64="vEs9taPXD77QRxlTmMeDc0sXZzg=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoCXRxhIS+UjgQvaWOdiw95HdPQO58AtstbUztv4dO3+Ky3mFgK96M+9NZuZ5seBK2/aXVdjY3NreKe6W9vYPDo/KxydtFSWSYYtFIpJdjyoUPMSW5lpgN5ZIA09gx5vcL/TOE0rFo/BRz2J0AzoKuc8Z1abVnA7KFbtqZyDrxMlJBXI0BuXv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZGtIAlZtmh87JhR9JosdIsvqvN6WBUrPAM56A6rFa1RbN/7Reov1bN+VhnGgMmbEYzU8E0RFZ/EuGXCLTYmYIZZKbKwkbU0mZNqksbVF+tqRkInFWA1gn7auqU6vWmteV+l0eThHO4BwuwYEbqMMDNKAFDBCe4QVeran1Zr1bH7/WgpXPnMISrM8fzGqTDg==</latexit>x

<latexit sha1_base64="vEs9taPXD77QRxlTmMeDc0sXZzg=">AAAB9nicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGoCXRxhIS+UjgQvaWOdiw95HdPQO58AtstbUztv4dO3+Ky3mFgK96M+9NZuZ5seBK2/aXVdjY3NreKe6W9vYPDo/KxydtFSWSYYtFIpJdjyoUPMSW5lpgN5ZIA09gx5vcL/TOE0rFo/BRz2J0AzoKuc8Z1abVnA7KFbtqZyDrxMlJBXI0BuXv/jBiSYChZoIq1XPsWLsplZozgfNSP1EYUzahI+wZGtIAlZtmh87JhR9JosdIsvqvN6WBUrPAM56A6rFa1RbN/7Reov1bN+VhnGgMmbEYzU8E0RFZ/EuGXCLTYmYIZZKbKwkbU0mZNqksbVF+tqRkInFWA1gn7auqU6vWmteV+l0eThHO4BwuwYEbqMMDNKAFDBCe4QVeran1Zr1bH7/WgpXPnMISrM8fzGqTDg==</latexit>x

<latexit sha1_base64="uWvwvptER6KMgHl341wKl4xhkXI=">AAAB/3icbVC7TsNAEFyHVwivACWNRYREFdkIBcoIGsogkQSRWNb5sk5OOZ+tuzNSZKXgH2ihpUO0fAodn8LFuCAJU83uzGp3J0g4U9pxvqzSyura+kZ5s7K1vbO7V90/6Kg4lRTbNOaxvA+IQs4EtjXTHO8TiSQKOHaD8fVM7z6iVCwWd3qSoBeRoWAho0Sb1kNfk9TPiO9M/WrNqTs57GXiFqQGBVp+9bs/iGkaodCUE6V6rpNoLyNSM8pxWumnChNCx2SIPUMFiVB5WX7x1D4JY2nrEdp5/debkUipSRQYT0T0SC1qs+Z/Wi/V4aWXMZGkGgU1FqOFKbd1bM8etwdMItV8YgihkpkrbToiklBt4pnbosJ8ScVE4i4GsEw6Z3W3UW/cnteaV0U4ZTiCYzgFFy6gCTfQgjZQEPAML/BqPVlv1rv18WstWcXMIczB+vwBmXCW3Q==</latexit>ωa0

<latexit sha1_base64="8OjL3duj4dWLYyGc5gkbUlME7tI=">AAAB+3icbVC7TgJREL2LL8QXammzkZhYkV1j0JJoY4mJPBLYkNnLLFy5+8i9syaE8A+22toZWz/Gzk/xsm4h4KnOzDmTmTl+IoUmx/myCmvrG5tbxe3Szu7e/kH58Kil41RxbPJYxqrjg0YpImySIImdRCGEvsS2P76d6+0nVFrE0QNNEvRCGEYiEBzItFo9grQP/XLFqToZ7FXi5qTCcjT65e/eIOZpiBFxCVp3XSchbwqKBJc4K/VSjQnwMQyxa2gEIWpvml07s8+CWNk0Qjur/3qnEGo9CX3jCYFGelmbN//TuikF195URElKGHFjMVqQSptie/60PRAKOcmJIcCVMFfafAQKOJloFrboIFtSMpG4ywGsktZF1a1Va/eXlfpNHk6RnbBTds5cdsXq7I41WJNx9sie2Qt7tWbWm/VuffxaC1Y+c8wWYH3+AJM4lS4=</latexit>ωa

·

·

· ·

<latexit sha1_base64="xUrIaWMs+WEc6TJv05bf/rZv9fU=">AAAB/3icbVC7TsNAEFyHVwivACWNRYREFdkIBcoIGsogkQSRWNb5sk5OOZ+tuzNSZKXgH2ihpUO0fAodn8LFuCAJU83uzGp3J0g4U9pxvqzSyura+kZ5s7K1vbO7V90/6Kg4lRTbNOaxvA+IQs4EtjXTHO8TiSQKOHaD8fVM7z6iVCwWd3qSoBeRoWAho0Sb1kNfk9TPAt+Z+tWaU3dy2MvELUgNCrT86nd/ENM0QqEpJ0r1XCfRXkakZpTjtNJPFSaEjskQe4YKEqHysvziqX0SxtLWI7Tz+q83I5FSkygwnojokVrUZs3/tF6qw0svYyJJNQpqLEYLU27r2J49bg+YRKr5xBBCJTNX2nREJKHaxDO3RYX5koqJxF0MYJl0zupuo964Pa81r4pwynAEx3AKLlxAE26gBW2gIOAZXuDVerLerHfr49dasoqZQ5iD9fkDmwWW3g==</latexit>ωb0

<latexit sha1_base64="n24PsDhq58eaSmrz4cYpoONVK9o=">AAAB/3icbVC7TsNAEDyHVwivACWNRYREFdkRCpQRNJRBIg+RWNH5sk5OOZ+tuzVSZKXgH2ihpUO0fAodn8LFuCAJU83uzGp3x48F1+g4X1ZhbX1jc6u4XdrZ3ds/KB8etXWUKAYtFolIdX2qQXAJLeQooBsroKEvoONPbuZ65xGU5pG8x2kMXkhHkgecUTSthz7SZJDSQW02KFecqpPBXiVuTiokR3NQ/u4PI5aEIJEJqnXPdWL0UqqQMwGzUj/REFM2oSPoGSppCNpLs4tn9lkQKRvHYGf1X29KQ62noW88IcWxXtbmzf+0XoLBlZdyGScIkhmL0YJE2BjZ88ftIVfAUEwNoUxxc6XNxlRRhiaehS06yJaUTCTucgCrpF2ruvVq/e6i0rjOwymSE3JKzolLLkmD3JImaRFGJHkmL+TVerLerHfr49dasPKZY7IA6/MHnJaW3w==</latexit>ωa2

<latexit sha1_base64="ckiuO68ieOejuzYx5ce2/Z+h+XA=">AAAB/3icbVC7TsNAEFyHVwivACWNRYREFdkIBcoIGsogkQSRWNb5sk5OOZ+tuzNSZKXgH2ihpUO0fAodn8LFuCAJU83uzGp3J0g4U9pxvqzSyura+kZ5s7K1vbO7V90/6Kg4lRTbNOaxvA+IQs4EtjXTHO8TiSQKOHaD8fVM7z6iVCwWd3qSoBeRoWAho0Sb1kNfk9TPAt+d+tWaU3dy2MvELUgNCrT86nd/ENM0QqEpJ0r1XCfRXkakZpTjtNJPFSaEjskQe4YKEqHysvziqX0SxtLWI7Tz+q83I5FSkygwnojokVrUZs3/tF6qw0svYyJJNQpqLEYLU27r2J49bg+YRKr5xBBCJTNX2nREJKHaxDO3RYX5koqJxF0MYJl0zupuo964Pa81r4pwynAEx3AKLlxAE26gBW2gIOAZXuDVerLerHfr49dasoqZQ5iD9fkDnJiW3w==</latexit>ωb1 Multiplication

τa2 τa τb1

τb0τa0



Smoothness of the holonomy 2-group

Is Hol2(∇)2 ⇒ Hol(∇) a Lie groupoid?

Proposition

As set-theoretic groupoids, Hol2(∇)2 ∼= Curv(∇)⋉ Hol(∇)⋊ Hol(∇).

Definition

For commuting left G -action and right H-action on M, the biaction
groupoid is the groupoid G ⋉M ⋊ H ⇒ M given by

s(g , x , h) := x ,

t(g , x , h) := gxh,

(g ′, gxh, h′) · (g , x , h) := (g ′g , x , hh′).

It is enough to prove that both Curv(∇) and Hol(∇) are Lie groups.



Smoothness of the holonomy 2-group

Theorem (Yamabe, 1950)

Any path-connected subgroup of a Lie group is an analytic subgroup.

Proposition

Curv(∇) and Hol0(∇) are path-connected subgroups of GL(Ex).

Proof.

Curv(∇) = {τa : a is a null A-homotopic A-path},
Hol0(∇) = {τa : a is a null anchored-homotopic A-path}.


