Proper Orbifold Cohomotopy for M-Theory

Urs Schreiber on joint work with Hisham Sati

NYU AD Science Division, Program of Mathematics
& Center for Quantum and Topological Systems

New York University, Abu Dhabi

talk at:

String and M-Theory
The New Geometry of the 215 Century
11

via NUS Singapore, Nov.-Dec. 2021

slides and further pointers available at: ncatlab.org/schreiber/show/Proper+Orbifold+Cohomotopy+for+M-Theory



https://nyuad.nyu.edu/en/research/faculty-labs-and-projects/center-for-quantum-and-topological-systems.html
https://ims.nus.edu.sg/events/string-and-m-theory-the-new-geometry-of-the-21st-century-ii/
https://ncatlab.org/schreiber/show/Proper+Orbifold+Cohomotopy+for+M-Theory

While perturbative string theory 1s ~ well-defined (via worldsheet SCFT),
defining non-perturbative brane physics (M-theory) has remained an open problem.

MK6s

spacetime X

ADE singularity



https://ncatlab.org/nlab/show/M-theory#TheOpenProblem

While perturbative string theory is ~ well-defined (via worldsheet SCFT),
defining non-perturbative brane physics (M-theory) has remained an open problem.

Hypothesis H is a new proposal for the mathematical
e

definition of the quantum states/charges of M-theory _A—

MKo6s

spacetime X

ADE singularity



https://ncatlab.org/nlab/show/M-theory#TheOpenProblem

While perturbative string theory is ~ well-defined (via worldsheet SCFT),
defining non-perturbative brane physics (M-theory) has remained an open problem.

Hypothesis H is a new proposal for the mathematical
definition of the quantum states/charges of M-theory

_ .,,"'"‘_'—_—\‘\

in the vein of two previous proposals for string theory: |
- a) derived categories with Bridgeland-stability, //
_./I.‘
,-'r MK6s
[

- b) twisted topological K-theory.
spacetime X
ADE singularity



https://ncatlab.org/nlab/show/M-theory#TheOpenProblem
https://ncatlab.org/nlab/show/Bridgeland+stability+condition#AsStabilityOfBPSDBranes
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory

While perturbative string theory is ~ well-defined (via worldsheet SCFT),
defining non-perturbative brane physics (M-theory) has remained an open problem.

Hypothesis H is a new proposal for the mathematical
definition of the quantum states/charges of M-theory =

in the vein of two previous proposals for string theory: /
- a) derived categories with Bridgeland-stability, ///

- b) twisted topological K-theory. /
Hypothesis H combines: i el
- the higher homotopy category theory of (a) | spacetime X

- the generalized cohomology theory of (b) ADE singularity
but made (a) non-linear and (b) non-abelian.



https://ncatlab.org/nlab/show/M-theory#TheOpenProblem
https://ncatlab.org/nlab/show/Bridgeland+stability+condition#AsStabilityOfBPSDBranes
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory
https://ncatlab.org/nlab/show/infinity1-category
https://ncatlab.org/nlab/show/generalized+cohomology

While perturbative string theory is ~ well-defined (via worldsheet SCFT),
defining non-perturbative brane physics (M-theory) has remained an open problem.

Hypothesis H is a new proposal for the mathematical
definition of the quantum states/charges of M-theory

in the vein of two previous proposals for string theory: /
- a) derived categories with Bridgeland-stability, g
- b) twisted topological K-theory. y -

Hypothesis H combines: ol
- the higher homotopy category theory of (a) _;' spacetime X

- the generalized cohomology theory of (b) ADE singularity
but made (a) non-linear and (b) non-abelian.

Hypothesis H asserts, in short, that:
M-brane charge is quantized in
J-twisted 4-Cohomotopy theory.



https://ncatlab.org/nlab/show/M-theory#TheOpenProblem
https://ncatlab.org/nlab/show/Bridgeland+stability+condition#AsStabilityOfBPSDBranes
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory
https://ncatlab.org/nlab/show/infinity1-category
https://ncatlab.org/nlab/show/generalized+cohomology

While perturbative string theory 1s ~ well-defined (via worldsheet SCFT),
defining non-perturbative brane physics (M-theory) has remained an open problem.

Hypothesis H is a new proposal for the mathematical
definition of the quantum states/charges of M-theory

in the vein of two previous proposals for string theory: /
- a) derived categories with Bridgeland-stability, /,
- b) twisted topological K-theory. y

Hypothesis H combines: A
- the higher homotopy category theory of (a) spacetime X
- the generalized cohomology theory of (b) ADE singularity

but made (a) non-linear and (b) non-abelian.

Hypothesis H asserts, in short, that:
M-brane charge is quantized in
J-twisted 4-Cohomotopy theory.

This talk surveys what this means and how this
- 1) 1s made precise over orbi-super-spacetimes;
- 2) implies conjectured fractional M3 tadpole cancellation (& more).


https://ncatlab.org/nlab/show/M-theory#TheOpenProblem
https://ncatlab.org/nlab/show/Bridgeland+stability+condition#AsStabilityOfBPSDBranes
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory
https://ncatlab.org/nlab/show/infinity1-category
https://ncatlab.org/nlab/show/generalized+cohomology

While perturbative string theory 1s ~ well-defined (via worldsheet SCFT),
defining non-perturbative brane physics (M-theory) has remained an open problem.

Hypothesis H is a new proposal for the mathematical
definition of the quantum states/charges of M-theory

in the vein of two previous proposals for string theory: /
- a) derived categories with Bridgeland-stability, /

- b) twisted topological K-theory.

Hypothesis H combines: A
- the higher homotopy category theory of (a) spacetime X

- the generalized cohomology theory of (b) ADE singularity

but made (a) non-linear and (b) non-abelian.

Hypothesis H asserts, in short, that:
M-brane charge is quantized in
J-twisted 4-Cohomotopy theory.

This talk surveys what this means and how this
- 1) 1s made precise over orbi-super-spacetimes;
- 2) implies conjectured fractional M3 tadpole cancellation (& more).

For more see H. Sati’s talks and see: ncatlab.org/schreiber/show/Hypothesis+H



https://ncatlab.org/nlab/show/M-theory#TheOpenProblem
https://ncatlab.org/nlab/show/Bridgeland+stability+condition#AsStabilityOfBPSDBranes
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory
https://ncatlab.org/nlab/show/infinity1-category
https://ncatlab.org/nlab/show/generalized+cohomology
https://ncatlab.org/schreiber/show/Hypothesis+H

higher orbi-geometry orbifold cohomology

AN /
I - Proper Orbitold Cohomotopy

I - for M-Theory
PN

) MS5-brane charges in
Hypothesis H flat orbi-orientifolds




String theory at its finest is, or should be, a new branch of geometry
... developed in the 21st century ... that fell by chance into the 20th century ...

1o elucidate the proper generalization of geometry
[is] the central problem of string theory.

E. Witten (1988)
as quoted on p. 95, 102 in:

P C W Davis and J Brown (eds.)
Superstrings: A theory of everything?
Camb Univ Press 1988, 1991: Canto 1992


https://ncatlab.org/nlab/show/Edward+Witten#StringTheoryAtItsFinestQuote
https://ncatlab.org/nlab/show/Edward+Witten#StringTheoryAtItsFinestQuote
https://books.google.us/books?id=SrSyTS4kzP8C&lpg=PP1&vq=contents&pg=PA90#v=onepage&q&f=false

Non-perturbative quantum physics. [SS19-Quant][CSS21-Quant][Sc14-Quant]

What does it even mean to define a non-perturbative quantum theory?



Non-perturbative quantum physics. [SS19-Quant][CSS21-Quant][Sc14-Quant]

What does it even mean to define a non-perturbative quantum theory?

Lots of subtleties, but two general principles:
1) covariant phase space of all field histories (all instanton/soliton sectors)
2) quantum states are global sections of prequantum line bundle over phase space

Hence we need a geometry which makes sense of symbols like this:



Non-perturbative quantum physics. [SS19-Quant][CSS21-Quant][Sc14-Quant]

What does it even mean to define a non-perturbative quantum theory?

Lots of subtleties, but two general principles:
1) covariant phase space of all field histories (all instanton/soliton sectors)
2) quantum states are global sections of prequantum line bundle over phase space

Hence we need a geometry which makes sense of symbols like this:

&e b&.\ \‘ﬂ
d& 660 ¢§°
$Q‘b “Q\ m\%\
2, o € H -
. &0\6 \‘bc
o@\ Q‘Q
P s&%



Non-perturbative quantum physics. [SS19-Quant][CSS21-Quant][Sc14-Quant]

What does it even mean to define a non-perturbative quantum theory?

Lots of subtleties, but two general principles:
1) covariant phase space of all field histories (all instanton/soliton sectors)
2) quantum states are global sections of prequantum line bundle over phase space

Hence we need a geometry which makes sense of symbols like this:

» S
Q O N
&»&0 6‘006 qu
%Q‘b “Qé m\%\
2, o € H -
. “&0\6 > Q'Qo‘b
Y ) N
R ¢ P

Py s&%



Non-perturbative quantum physics. [SS19-Quant][CSS21-Quant][Sc14-Quant]

What does it even mean to define a non-perturbative quantum theory?

Lots of subtleties, but two general principles:
1) covariant phase space of all field histories (all instanton/soliton sectors)
2) quantum states are global sections of prequantum line bundle over phase space

Hence we need a geometry which makes sense of symbols like this:

\Q’% o%
2 &
» S X F &
. &Qa 060 \“ o& %ch .\%\o
> N & AN
o o < > W
%Q “Qe q}c"\ & TR
- *
2, o € H - %HpOS(Map (%,Q/))
N\ O N O .
. &0 \? \Q o < &
Qe‘ V\% . Qo Q\qu S 0% ,‘bv )
N ¥ & S



Non-perturbative quantum physics. [SS19-Quant][CSS21-Quant][Sc14-Quant]

What does it even mean to define a non-perturbative quantum theory?

Lots of subtleties, but two general principles:
1) covariant phase space of all field histories (all instanton/soliton sectors)
2) quantum states are global sections of prequantum line bundle over phase space

Hence we need a geometry which makes sense of symbols like this:
N

K
Q
N -\
& o N & &
.@ O \0 2 R
N N Q N <) O
& » ¢ & W
R “Qe q}c"\ & T
r7e *
2, o € H - P{DOS(Map (5{,42%))
O Nt N & ’
O A\ S ¥ o $ &
Qe‘ &% N o0 S o
& S O
¢ b{‘

Ex.: 3d CS theory with cpt gauge group:
[Hit90] [APWO1]

2 = surface
2/ = moduli stack of (flat) connections

FAII;OS = hol. sections of prequ. line bdl.
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Ex.: 3d CS theory with cpt gauge group: Ex.: D6 1 D8-branes via Hypothesis H
[Hit90] [APWOI91] [SS19-Quant][CSS21-Quant]
2 = surface 2 = transverse cptfd. space to branes
</ = moduli stack of (flat) connections </ = moduli stack of diff. 4-Cohomotopy
H,s = hol. sections of prequ. line bdl. H,s = positive ordinary cohomology
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The Higher Geometry of Physics. [JSSW18-HigStrc][FSS19-RatM][SS20-OrbCoh]
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+ gauge principle  homotopy theory
= co-topos theory  [Si99][Lu03,09][TV05][Re10]
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The dictionary: physics mathematics

geometry topos theory
+ gauge principle  homotopy theory
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The key point:
stringy geometry < higher homotopy

[FSS13-Bougq, §3]

p-brane charges Tyl (42/ ) € Grp(Hp) [HSS18-ADE, §2]
[FSS19-RatM, §7]

p1 L po-intersections higher k-invariants
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Just as an emergent target space £ seen via probes by worldvolumes X,
so an co-stack 2 is a space bootstrapped by its gauged system of X-plots:
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Just as an emergent target space £ seen via probes by worldvolumes X,

so an co-stack 2 is a space bootstrapped by its gauged system of X-plots:
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Cohesive homotopy theory of Smooth co-stacks. [SSS09][Sc13][ScSh14][SS20-OrbCoh]
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Key example: Higher geometry locally modeled on CartSp = {]R” L R }:
H = SmthGrpd,, = Sh.(CartSp) =~ Sh.,(SmthMfd)

faithfully subsumes all differential topology:
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but subsumes also moduli for all
higher gauge fields <= differential cohomology [FS$S20-Char, §4.3)

in particular for abelian higher gauge fields:

Spectra(SmthGrp doo) _ { abelian generalized differential } [Sc13] [BNV14],

cohomology theories review in [ADH21]
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Higher symmetry. [INSS12-c0cBund][SS20-OrbCoh]

co-Toposes H know all about higher symmetries — i.e. n-group symmetries for n € NLI{co}):

a looping

g higher symmetry groups G (H) 2 ( B ) H*/ pointed connected

S ID ~ D §6.1 in [Lu09]
) group co-stacks >1 co-stacks

o B(—) —

<P delooping

S G — BY ~ x |4

© p(

=


https://ncatlab.org/nlab/show/Higher+Topos+Theory

Higher symmetry.

[NSS12-00Bund][SS20-OrbCoh]

co-Toposes H know all about higher symmetries — i.e. n-group symmetries for n € NLI{co}):

n
=P
=
higher symmetry groups
gb group co-stacks Grp (H)
Fo
<P
5o 4
© p(
=

looping

——Q(-)——

B(—) —
delooping
—>

H;/ { pomti(_lgi:;éll?fded
BY ~ x /|4

§6.1 in [Lu09]

higher ¢-symmetries
¢ co-actions

higher symmetries

Act(H e
7 Act(H) G
GCP —>

¢ -gauge field sectors
¢-principal co-bundles

¢ PrnBdI(H) <

modulating maps
slice over delooping

P
(o)
P4

o Hpy
Py
— ( | )
BY


https://ncatlab.org/nlab/show/Higher+Topos+Theory

Higher symmetry. [INSS12-c0cBund][SS20-OrbCoh]
co-Toposes H know all about higher symmetries — i.e. n-group symmetries for n € NI {co}):

a looping
E higher symmetry groups GI’p(H) Qr(\J_ ) H*/ i pointed connected §6.1 in [Lu09]
o= > 0o-Sl¢ S )

a0 group oo-stacks B (_) > stacks

P .

é) delooping
5 % — BY ~ x // g

=

0]

=

ﬂs higher ¢-symmetries ¢ -gauge field sectors modulating maps

E ¥ «-actions ¢ -principal «-bundles slice over delooping

= ¢ Act(H) (_f)"//G > ¢ PrnBdI(H) < o H gy

7

2 P P)9

2 GCP — ! — l

S P9 BY

=
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Higher moduli stacks. [SS20-OrbCoh]
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Higher symmetry — Example: GS-mechanism. [SSSO9][FSS12][FSS20-M5Str][SS20-M5GS]

Lie groups diffeological groups smooth co-groups
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mapping stack into delooping... is moduli stack of:
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~ Map (X, BString(n))

Map((X7c2)7 (BSpin(n), 2p1))B3U( 1y twisted String 2-bundles
~ Map (X, BString®? (n)) (heterotic Green-Schwarz mech.)

u() Spin¢-bundles

String 2-bundles




Higher symmetry — Example: GS-mechanism. [SSSO9][FSS12][FSS20-M5Str][SS20-M5GS]

Lie groups diffeological groups smooth co-groups

Under Grp(SmthMfd) —— Grp(DffiSpc) - Orplios) > Grp(SmthGrpd,,)
mapping stack into delooping... is moduli stack of:
Map(X, BU(1)) circle bundles
Map (X, B”T1U(1)) bundle p-gerbes
Map (X, BSpin(n ) Spin-bundles

Map((X,¢;), (BSO(”)»WZ))
~ Map (X, BSpin® (n))
Map ((X,0), (BSpin ”)a%Pl))B-“’U( 1)
~ Map(X, BString n))

Map((X7c2)7 (BSpin(n), 2p1)>B3U( 1y twisted String 2-bundles
~ Map (X, BString®2 (n)) (heterotic Green-Schwarz mech.)

u() Spin¢-bundles

String 2-bundles

Rem.: Different smooth co-groups ¢ may have same shape |¢ discrete co-group, e.g:
BPUy, — o/ — B37 « o/ — B2U(1)
4
K(Z,3)



Higher symmetry — Example: Cohomotopy. Exs. 2.10, 2.16, 4.16 in [FSS20-Char]

Recall that every connected space 1s the classifying space of its loop co-group.

E.g., the 4-sphere encodes a rich co-higher symmetry

st ~ B(QSY) e Grpd,,, QS$* € Grp(Grpd,,).



Higher symmetry — Example: Cohomotopy. Exs. 2.10, 2.16, 4.16 in [FSS20-Char]

Recall that every connected space 1s the classifying space of its loop eo-group.

E.g., the 4-sphere encodes a rich co-higher symmetry

S* ~ B(QS*) € Grpd,, QS* € Grp(Grpd.,).

The corresponding moduli are classified by unstable/non-abelian Cohomotopy:

zt(X) = mMap(X,S*) =~ mMap(X, B(QS*")) ~ H'(X;Qs*)
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Higher symmetry — Example: Cohomotopy. Exs. 2.10, 2.16, 4.16 in [FSS20-Char]

Recall that every connected space 1s the classifying space of its loop co-group.

E.g., the 4-sphere encodes a rich co-higher symmetry

S* ~ B(QS*) € Grpd,, QS* € Grp(Grpd.,).

The corresponding moduli are classified by unstable/non-abelian Cohomotopy:

zt(X) = mMap(X,S*) =~ mMap(X, B(QS*")) ~ H'(X;Qs*)

© N
o S
Q v@ &0 .\ @Q oo'
» T R
cO & SO
o 2
é\

Incidentally, on 10-manifolds X!°, 4-Cohomotopy is stably equivalent to tmf* (cf below):

Boardman homomorphism

s >y QOYest = Q°S? > Q°tmf*
stabilization/ <10
abelianization

nt (RO1 x X19) > SHRO x X19) —=— gmf* (RO x X19)
ngﬁi‘;}gn 4-Cohomotopy abse:?;)lige q 4-Cohomotopy elliptic 4-cohomology



Cohesive homotopy theory of Super co-stacks. [KhSc17], §3.1.2-3 in [SS20-OrbCoh]

Higher geometry locally modeled on

smooth

SupCartSp = {R™4 x D 2L R4 /)

Shp InfShp
Grpd,, | | SmthGrpd, | 3 SupSmthGrpd,, := She(SupCartSp)
— :
Dsc InfDsc super smooth co-groupoids
shape formally étale

lifts all fundamentals of differential geometry to higher geometry of super oo-stacks, e.g.:


https://ncatlab.org/schreiber/show/Synthetic+geometry+of+differential+equations

Cohesive homotopy theory of Super co-stacks. [KhSc17], §3.1.2-3 in [SS20-OrbCoh]

Higher geometry locally modeled on

smooth

SupCartSp = {R™4 x D XL R4 /)

Shp InfShp
Grpd,, | | SmthGrpd, | 3 SupSmthGrpd,, := She(SupCartSp)
— :
Dsc InfDsc super smooth co-groupoids
shape formally étale

lifts all fundamentals of differential geometry to higher geometry of super oo-stacks, e.g.:

g
A morphism of super co-stacks is a x 1 3x
local diffeomorphism or formally étale Fla o» lg f
if its 3-unit is homotopy cartesian: n3
Y —— 3Y
The infinitesimal neighbourhood DX — *
around point x 1n a super oo-stack X J/ (ob) J/S X
is the x-fiber of the J-unit: 7S
X — 3X



https://ncatlab.org/schreiber/show/Synthetic+geometry+of+differential+equations

¢-Structured super étale oo-stacks. §4.2 in [SS20-OrbCoh]

For V € Grp(SupSmthGrpd,,) a super group stack such as super-Minkowski V = RN,

V-atlas V-fold

Def.: A V-fold is an étale co-stack locally diffeomorphic to V «—=—U =% X .

(This cohesive higher Cartan geometry is formalized in Modal Homotopy Type Theory:
[Sc15, §3][Cherubini (né Wellen) 17].)



https://ncatlab.org/nlab/show/modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/Some+thoughts+on+the+future+of+modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/thesis+Wellen

¢-Structured super étale oo-stacks. §4.2 in [SS20-OrbCoh]

For V € Grp(SupSmthGrpd,,) a super group stack such as super-Minkowski V = RN,

V-atlas V-fold

Def.: A V-fold is an étale co-stack locally diffeomorphic to V «—=—U =% X .

FFr(X)

Thm.: A V-fold X naturally has a frame co-bundle X > BAut(DV) .

(This cohesive higher Cartan geometry is formalized in Modal Homotopy Type Theory:
[Sc15, §3][Cherubini (né Wellen) 17].)



https://ncatlab.org/nlab/show/modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/Some+thoughts+on+the+future+of+modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/thesis+Wellen

¢-Structured super étale oo-stacks. §4.2 in [SS20-OrbCoh]

For V € Grp(SupSmthGrpd,,) a super group stack such as super-Minkowski V = RN,

V-atlas V-fold

Def.: A V-fold is an étale co-stack locally diffeomorphic to V «—=—U =% X .

FFr(X)
Thm.: A V-fold X naturally has a frame co-bundle X > BAut(DV) .
Def.: For str: ¢ — Aut(D.V) we have ( . )
moduli of ¥-structures on V-folds X: X "";;/‘"* BY

A <l
Map (X Bg)BAut(]DeV) = ’3@ < & '
\ BAut(D.V)
/

(This cohesive higher Cartan geometry is formalized in Modal Homotopy Type Theory:
[Sc15, §3][Cherubini (né Wellen) 17].)



https://ncatlab.org/nlab/show/modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/Some+thoughts+on+the+future+of+modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/thesis+Wellen

¢-Structured super étale oo-stacks.

§4.2 in [SS20-OrbCoh]

For V € Grp(SupSmthGrpd,,) a super group stack such as super-Minkowski V = R4 1IN,

Def.: A V-fold is an étale -stack locally diffeomorphic to V «*— U =% X .

V -atlas V -fold

Thm.: A V-fold X naturally has a frame c-bundle X

Fr(X)

> BAut(D.V) .

Def.: For str: 4 — Aut(D.V) we have
moduli of ¢ -structures on V-folds X:

Map (X, BSpin(d))

BGL(d,1|N) —

Ma )(7 Bg — < G Q >
p( )BAut(ID)eV) ) S
BAut(D.V) }
So for X a R41N_fold we have \
moduli of super-vielbein fields: = | & 77 » BSpin(d)

N\

Y& /
f‘/ g
=)

~~

BGL(d|N)

7

(This cohesive higher Cartan geometry is formalized in Modal Homotopy Type Theory:

[Sc135, §3][Cherubini (né Wellen) 17].)



https://ncatlab.org/nlab/show/modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/Some+thoughts+on+the+future+of+modal+homotopy+type+theory
https://ncatlab.org/schreiber/show/thesis+Wellen

Singular-Cohesive Homotopy Theory of orbi-co-stacks. [Rezk14][SS20-OrbCoh]

( group homomorph. )

Higher geometry locally modeled on orbi-singularities:

(18]

2

-

Snglrt = < G| Gfin. group; with Map( &, &) = {
r yor

Y
onesnlu
SQ
~\”

H = GloSupSmthGrpd,, = She (SupCartSp x Snglrt) ( group homomorph.

orbi-singular super-co-stacks

faithfully subsumes proper equivariant homotopy theory:


https://ncatlab.org/nlab/show/Global+Homotopy+Theory+and+Cohesion

Singular-Cohesive Homotopy Theory of orbi-co-stacks. [Rezk14][SS20-OrbCoh]

( group homomorph. )

Higher geometry locally modeled on orbi-singularities:

«>

Snglrt = {)§| G fin. group} with Map( ¥, &) =<

T
onegnlu
A

:

H = GloSupSmthGrpd,, := She.(SupCartSp x Snglrt) \  grouphomomorph.

orbi-singular super-co-stacks

faithfully subsumes proper equivariant homotopy theory:

category of co-topos of slice of cohesive «-topos of slice of singular-cohesive «-topos of
topological G-spaces smooth G-co-actions smooth c-groupoids over BG Smth G-orbi-singular c-groupoids GOI‘bSpC
Cdffig (—)/)G A
G Act(kTopSpc) — G Act(SmthGrpd,,) —— SmthGrpd,, /BG y  GloSmthGrpd,,, g U GSmthGrpd,,
—

b_Sf}glt L GOrbSmth o

orbi-singular = v Q2 G-orbi-spatial =

S5 I 12 P 3

~ ~ > GloGrpd > GGrpd

P/ ~Gorbsmm - o Pl

underlying proper G-equivariant homotopy type
sub-co-topos of
proper G-equivariant
homotopy theory

slice of base co-topos of
global equivariant homotopy theory


https://ncatlab.org/nlab/show/Global+Homotopy+Theory+and+Cohesion

Singular-Cohesive Homotopy Theory of orbi-co-stacks. [Rezk14][SS20-OrbCoh]

( group homomorph. )

Higher geometry locally modeled on orbi-singularities:

«>

Snglrt := {)§| G fin. group} with Map( ¥, &) =<

i
onegnlu
NQ

:

H = GloSupSmthGrpd,, = She (SupCartSp x Snglrt) ( group homomorph.

orbi-singular super-co-stacks

faithfully subsumes proper equivariant homotopy theory:

category of co-topos of slice of cohesive «-topos of slice of singular-cohesive «-topos of
topological G-spaces smooth G-co-actions smooth c-groupoids over BG Smth G-orbi-singular c-groupoids GOI‘bSpC
Cdffig (—)/)G A
G Act(kTopSpc) — G Act(SmthGrpd,,) —— SmthGrpd,, /BG y  GloSmthGrpd,,, g U GSmthGrpd,,
—

b_Sf}glt L GOrbSmth o

orbi-singular = v Q2 G-orbi-spatial =

S5 I 12 P S

~ ~ > GloGrpd > GGrpd

P/ ~GoOrbSmth Pl

underlying proper G-equivariant homotopy type
sub-co-topos of
proper G-equivariant
homotopy theory

slice of base co-topos of
global equivariant homotopy theory

Thm. (§4.1 in [SS20-OrbCoh])
Good orbifolds covered by G CX are equivalently »(X/G) € H = GloSmthGrpd.,

and their proper-equivariant homotopy type is:

DscGOrbSpc

[y (X)G) ~ GOrbSpc(f(X(_))) € GGrpd,, H, g



https://ncatlab.org/nlab/show/Global+Homotopy+Theory+and+Cohesion

Equivariant classifying spaces. [SS22-EquBun]

Theorem.
If G (T is a G-equivariant Hausdorff-topological group with [T truncated, then

B = U, ] » BT € H.
D 3 $ oY
gx‘z’&‘o‘ﬁe & g ¥ &
< o %) &
0?\-‘6.& o‘“\ N
£4 %‘5\ G N



Equivariant classifying spaces. [SS22-EquBun]

Theorem.
If G (T is a G-equivariant Hausdorff-topological group with [T truncated, then

B = U, ] » BT € H.
D Q < o
S & &
RV %% . ,%Q %\Q béo
0?\-‘6.& o@\ ¥
Q Gj’\ C)I Q‘

classifies G-equivariant I'-principal bundles on G-orbifolds " ~ »(X/G) € H x

(GEquvI'PrnBdlx) A= To Map( 2~ ,BGF))Q



Equivariant classifying spaces. [SS22-EquBun]

Theorem.
If G (T is a G-equivariant Hausdorff-topological group with [T truncated, then

B = U, ] BT € H
A Q < P2
S SN
RV %% N %\Q 6@\°
S & &
< %‘5\ C)l 0‘

classifies G-equivariant I'-principal bundles on G-orbifolds 2" ~ »(X/G) € H x

(GEquvI'PrnBdlx) A= To Map( 2~ ,BGF))Q

and its equivariant homotopy groups are given by non-abelian group cohomology:

Ip
. . Q (Y "DQ % QQ %
&\W%QQQ Q‘b‘\‘b G}\%Q ‘Oz\\ \0\0% ﬁqo‘o Qeo S
» : D >
S S F ¥ P ¥
& &8 & © S N
& Cl Q¥ 3
N ;> N $



B-fields on orbi-orientifolds. [SS22-EquBun]

Specifically, for
Il > N— G —» Zr — 1

and
Zy CPUG € GAct(Grp(kTopSpc))

the graded projective unitary group acted on by complex conjugation, the G-orbi-space
B;(PU5) € H

classifies type IIA B-fields on G-orbi-orientifolds

~ toMap (3&”, B (PU(%r)> .

™~ gauge Y

type IIA B;-fields on
G-orbi-orientifold 2~

with 7 (B(PUn)) = HE'(H;Z),  teproducing [UrLiil4, Thm. 15.17,




B-fields on orbi-orientifolds. [SS22-EquBun]

Specifically, for
Il > N— G —» Zr — 1

and
Zy CPUG € GAct(Grp(kTopSpc))

the graded projective unitary group acted on by complex conjugation, the G-orbi-space
B;(PU5) € H

classifies type IIA B-fields on G-orbi-orientifolds

~ woMap( 2, Bo(PUS) )

™~ gauge Y

type IIA B;-fields on
G-orbi-orientifold 2~

with 7 (B(PUn)) = H!'(H;Z),  teproducing [UrLiil4, Thm. 15.17,

Philosophical question:
But why coefficients like B;PUy,?  Are there god-given coefficients? AVAVAVAV:



God-given coefficients — Tate spheres. Def. 5.19 in [SS20-OrbCoh]

For any line object A! there are the Tute spheres (e.g. [VRO07, Rem. 2.22])

Sn

Tate

= cof(A"\{0} — A") € H



https://ncatlab.org/nlab/show/Tate+sphere#VRO07

God-given coefficients — Tate spheres. Def. 5.19 in [SS20-OrbCoh]

For any line object A! there are the Tute spheres (e.g. [VRO07, Rem. 2.22])

Sn

Tate

= cof(A"\{0} — A") € H

Specifically for Al :=R! € SmthGrpd,, (incidentally | ~ Loc® : H — H)
we have the smooth Tate spheres

Si’l

Tate

= cof(R"\{0} — R") € H.

Their shape is that of the ordinary n-spheres ([SS20-OrbCoh, Ex. 5.21]):

D
[sh ~ §" € Grpd, — H



https://ncatlab.org/nlab/show/Tate+sphere#VRO07

God-given coefficients — Tate spheres. Def. 5.19 in [SS20-OrbCoh]

For any line object A! there are the Tute spheres (e.g. [VRO07, Rem. 2.22])

Sn

Tate

= cof(A"\{0} — A") € H

Specifically for Al :=R! € SmthGrpd,, (incidentally | ~ Loc® : H — H)
we have the smooth Tate spheres

n
S Tate

= cof(R"\{0} — R") € H.

Their shape is that of the ordinary n-spheres ([SS20-OrbCoh, Ex. 5.21)):

D
[sh ~ §" € Grpd, — H

More generally, for any
G CV € GAct(VectorSpaces,) — G Act(SmthMfd) — G Act(H)
we have the orbi-smooth V-Tate spheres ([SS20-OrbCoh, Ex. 5.27])

¥ (St /G) € H,g.


https://ncatlab.org/nlab/show/Tate+sphere#VRO07

Example: The ADE-equivariant 4-sphere. §5.1 in [HSS18-ADE]; §3 in [SS19-TadCnc]

The G,pz-equivariant Tate 4-sphere has equivariant homotopy type of
the 4-representation sphere:

(") Dsc GapOrbS
Jr($te/Guwe) =~ S(ROH) € GuuGrpd., —— "% H,q,

stereogr. 3
project.



https://ncatlab.org/nlab/show/finite+rotation+group#ClassificationOfFiniteSubgroupsOfSO3

Example: The ADE-equivariant 4-sphere. §5.1 in [HSS18-ADE]; §3 in [SS19-TadCnc]

Consider the left multiplication action of Sp(1) = S(H) on the quaternions H:

Sp(1) CH ~ SU(2), CC* ~ Spin(3); CR*.

The finite subgroups have a famous ADE-classification:

Label Gine f% SU(2) Order Name
A, Lip i1 n Cyclic
D14 2D, 40 4(n+2) Binary dihedral
K¢ 2T 24 Binary tetrahedral
K7 20 48 Binary octahedral
Eg 21 120 Binary icosahedral

Denote the restricted representation by 4 = G,p; CR* ¢ RO(Gipe) -

The G,pp-equivariant Tate 4-sphere has equivariant homotopy type of
the 4-representation sphere:

() Dsc GapeOrbS
Iy (St /Guwe) =~ S(ROH) € GuuGrpd., —— =% H,q,

stereogr. r
project.



https://ncatlab.org/nlab/show/finite+rotation+group#ClassificationOfFiniteSubgroupsOfSO3

Example: Super-Minkowski orbifolds. Thm. 4.3 in [HSS18-ADE)]
Theorem. Classification of subgroup actions of Pin™ (10, 1) CR!9:132 which fix > !/sth of 32
such that all non-trivial subgroups have the same bosonic fixed locus:

Black brane Fixed .Type O.f Intersection law
] BPS locus singularity
species in R10.1/32 in R10.1 ~ RL o R o R4 o R!
Elementary brane species Simple singularities
MO9 1/ RY:116 7 = (Z2)aw
A
MOS5 1/ RS1[2'8 Zn C (Z2)r X (Z2)nw
A
MOl 12 R11161 Ly C  — (Zo) < (Zo)r %X (Za)uw
i 6,116 Lint1,2Dp 47, -
MKG6 yo) R 2T.20.21 C SU(2)g
A
M2 1h = 8/ | R2182 Z c — SUR2), x  SUQ) —
A
M2 6/16 | R2162 Lns3 ap— SUR). x SUQ) —
5 2,1]5:2 2Dy, A
M2 /16 | R 2T.20.21 C SU(2), x  SUQ2)g
2D (id,7)
1 — 4 271 |42 n+2s S S
M2 /4 /16 | R 20.21 C SUR2), x  SUQ2)g
SU(2), SU(2)g (Z2)uw

Yy Yy ()

RIO,I ~p Rl’l@ R4 D R4 D R




Example: Super-Minkowski orbifolds. Thm. 4.3 in [HSS18-ADE)]
Theorem. Classification of subgroup actions of Pin™ (10, 1) CR'%132 which fix > 1/4th of 32

such that all non-trivial subgroups have the same bosonic fixed locus:

Black brane Fixed .Type O.f Intersection law
] BPS locus singularity
species in R10.1/32 in R10.1 ~ RL o R4 o R4 o R!
Elementary brane species Simple singularities
MO9 1/ RY:116 Zy = (Z2)nw
A
MOS5 ) RS1128 Ly C (Z2)r X (Z2)nw
A
MOl L2 R11161 Ly C — (Zo)L X (Zp)r X (Zz)uw
A
M2 lh = 8/15 | R2182 Z c — SUR2), x SUQ)g —
A
M2 6/16 | R2162 Lops3 c — SUR). x SUQ)g —
A
M2 5/he | R21S2 2?@2”5251 c — SU(2), x  SU2)& —
(id,7)
M2 s = 4/16 | R2142 22%”22[ GR— SU(2).  x SUQ2)g —
SU22),  SU(Q2)x (Z2)uw yields super-Minkowski orbifolds, e.g.:

CYy () O ZMK6 1 K3

RIO,I ~ Rl’l@ R4 D R4 D R
. = RO!16 x (T4 )74) < H

/2




J-twisted proper orbifold Cohomotopy.

Def. 5.28 in [SS20-OrbCoh]

Let 2 be an R4 !N_orbifold

YT

VA

r.)
&
with Spin(n)-structure &, A&(%
(- 2

» ¥BSpin(n)

/

yBGL(d, 1|N)

Def. ([SS20-OrbCoh, Ex. 5.29]) J-twisted proper orbifold Cohomotopy of (2", 7) is :

tangentially J-twisted
proper orbifold Cohomotopy

77:“"(5{)

proper equivariant homotopy type
of canonical n-sphere

moMap( 2, - (S%,.//Spin(n)

[ ¥BSpin(d)
proper equivariant tangential twi
( coccycle )
X - ’ J\)/(S'rflate//spln(n))
Nz
Ty 4 2/ & >
("’/&(:A? \oc‘z}cee

st



J-twisted proper orbifold Cohomotopy. Def. 5.28 in [SS20-OrbCoh]
Let 2 be an RSN orbifold

rtT .
VA = > YBSpin(n)
with Spin(n)-structure NS
-2)
yBGL(d, 1|N)

Def. ([SS20-OrbCoh, Ex. 5.29]) J-twisted proper orbifold Cohomotopy of (2", 7) is :

proper equivariant homotopy type

tangentially J-twisted of canonical n-sphere

proper orbifold Cohomotopy

Iyt . N n . N
wH(2) = mMap( 2 Ir(Sh/Spin(n)

proper equivariant tangential twist

( )

= Moy %% C %
(9?&(:)\2‘ \ec?}c
[ ¥BSpin(n)
\ /

In the case that £ = X is smooth (i.e. a manifold), this reduces to J-twisted Cohomotopy:
[FSS19-HypH, Def. 2.1][FSS20-Char, Ex. 2.41], see also [Cru03, Lem. 5.2].


https://ncatlab.org/nlab/show/twisted cohomotopy#Cruickshank03

Orbifold Cohomotopy at and away from the singularities. = Thm. 5.16 in [SS20-OrbCoh]

222 [y (SEN /Spin(n))

<
7 ’ /
Key Structure Theorem: 2
In limiting cases this reduces to: I ¥BSpin(n)
(a) equiv Cohomotopy in RO-deg n  tangentially J-twisted
. bifold Coh t
(b) tangent J-twisted Cohomotopy .
e ( %) .,
W 0%
N
(a) @3 N 00"«3('0)
Q
> b\\e @y,
% & 2 e
& ~ N O/Q,

[HSS18-ADE] g v + % [FSS19-HypH]

[SS19-TadCnc] [FSS19-M5WZ]

[BSS19-FrcBrn] il (Td ) T(x [FSS20-M5Sir]

[SS20-M5GS] G 0 [SS20-M5Anom]

equivariant Cohomotopy ) o [FSS20-GSAnom]
in RO-degree n tangecr(l)tlll?)lgo‘:otp“;“ed
d cocycle 1
Y (T9)G) ———-- » r(S"/G) X ---=---3 S" //Spin(n)



higher orbi-geometry orbifold cohomology

™~ ~
I - Proper Orbifold Cohomotopy

II - for M-Theory
~ .

. M5-brane charges in
Hypothesis H flat orbi-orientifolds




Future historians may judge the late 20th century as a time when
theorists were like children playing on the seashore, diverting themselves
with the smoother pebbles or prettier shells of superstrings

while the great ocean of M-theory lay undiscovered before them.

M. Duff (1998)
closing sentence in:

M. Duft:
The Theory Formerly Known as Strings
Scient Amer 1998


https://ncatlab.org/nlab/show/Michael+Duff#Quotes
https://ncatlab.org/nlab/show/Michael+Duff
https://ncatlab.org/nlab/files/DuffFormerlyStrings98.pdf
https://ncatlab.org/nlab/files/DuffFormerlyStrings98.pdf

Flux-quantization in non-abelian cohomology theory. [ESS20-Char]

Non-perturbative completion of a theory of charged objects
with flux densities satisfying Bianchi identities

involves choosing a non-abelian cohomology theory A
whose character image enforces these Bianchi identities:



Flux-quantization in non-abelian cohomology theory. [ESS20-Char]

Non-perturbative completion of a theory of charged objects
with flux densities satisfying Bianchi identities

involves choosing a non-abelian cohomology theory A
whose character image enforces these Bianchi identities:

A\
“—‘abe 0\0%s . \ e\)ta
charge “lattice” Y\‘\oa o cono™ - pead Loo-®8
non-abelian cohomology de® Wit
non-abelian character
A(X) -~ > Hyr (X; 1A)
(a) Va } (a) ( (b) )
| \ R

] > {FY € QR 0} 2 ocaimim )| 4P = P ({FY bo<a

quantized flux/charge higher Bianchi identities

field strengths/flux densities

class in A-cohomology Loo-algebra valued diff forms Loo-flatness condition



Flux-quantization in non-abelian cohomology theory. [FESS20-Char]

Non-perturbative completion of a theory of charged objects
with flux densities satisfying Bianchi identities

involves choosing a non-abelian cohomology theory A
whose character image enforces these Bianchi identities:

“on"abe“ NOES _a\%e\)‘fa
charge “lattice” qna co\‘ - ched ad Lo
non-abelian cohomology de Wi
non-abelian character
A(X) » Hyg (X; [A)
ChA
q (Y € Qlp(x)) [dES = P (F e

. [ | { 1<a<dim|m, (A b<a

quantized flux/charge hlgher Bianchi identities

field strengths/ﬂux densities

class in A-cohomology Lo -algebra valued diff forms Loo-flatness condition

The choice of A is a hypothesis about the correct non-perturbative completion.



Flux-quantization in non-abelian cohomology theory. [FSS20-Char]

Non-perturbative completion of a theory of charged objects
with flux densities satisfying Bianchi identities

involves choosing a non-abelian cohomology theory A
whose character image enforces these Bianchi identities:

an
. nov” “‘m\;‘ mol0S g™
charge “lattice” nam © ead Loo
non-abelian cohomology ae® Wwhit
non-abelian character
A(X) » Hr (X; 1A)
ChA
| > | {F € QX)) ({7 bo<a)
Lcﬂ]x/h 7 {{Fr € Qi )} ocdimim(ayr) | 4F7 = P b<a
"
gll;“sl:i:nzi- c Ollll 01:1 0?52; field strengths/flux densities hlgher Bianchi identities

Leo-algebra valued diff forms Loo-flatness condition

The choice of A is a hypothesis about the correct non-perturbative completion.

Given such a choice, the moduli eo-stack of fields is a differential refinement of A:

o/ = A € SmthGrpd,,



Hypothesis H. [Sal3, §2.5][FSS16-RatCoh][FSS19-HypH][SS21-MF]

Fact: The Bianchi identity of the type IIA RR/B-fields
1s that enforced by the Whitehead L..-algebra of twisted KU-theory

il kugmuy) = { (10) eaypo| 45 ZHnPus )

The evident hypothesis here is the proposal by Minasian/Moore/Witten/Bouwknegt/Mathai:

~conc

The type IIA RR/B-field is flux-quantized in twisted K-theory.

It must be flux-quantized in something at least close, such as orbifold KR-theory.



https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory
https://ncatlab.org/nlab/show/orbifold%20K-theory
https://ncatlab.org/nlab/show/KR+cohomology+theory

Hypothesis H. [Sal3, §2.5][FSS16-RatCoh][FSS19-HypH][SS21-MF

Fact: The Bianchi identity of the type IIA RR/B-fields
1s that enforced by the Whitehead L..-algebra of twisted KU-theory

Hgr (X, (KU /BU(1))) = {({IZ’;}k) € QaR(X)| Z% ::(l)%AF%2 }

The evident hypothesis here is the proposal by Minasian/Moore/Witten/Bouwknegt/Mathai:

~conc

The type IIA RR/B-field is flux-quantized in twisted K-theory.

It must be flux-quantized in something at least close, such as orbifold KR-theory.

Fact: The Bianchi identity of the M-theory C-field is
that enforced by the Whitehead L..-algebra of 4-Cohomotopy:

G . dG: = —LGsNG
HdR(Xa [S4) ~ {(GZL) E'Q‘dR(X)‘ dGZ :()2 4 4 }

The evident hypothesis here [Sal3, §2.5] we called Hypothesis H:

~conc

The M-theory C-field is flux-quantized in 4-Cohomotopy.

It must be charge-quantized in something at least close, such as J-twisted orbifold Cohomotopy.



https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory
https://ncatlab.org/nlab/show/orbifold%20K-theory
https://ncatlab.org/nlab/show/KR+cohomology+theory
https://ncatlab.org/schreiber/show/Hypothesis+H

Cohomotopy unifies M5/M2-brane charge. |[HSS18-ADE, p. 17][FSS19-HypH, §2.3]

Cohomotopy is dual to Homotopy: n (Sk) ~ T (Sk)

4-co-homotopy group homotopy groups
of spheres of 4-sphere



Cohomotopy unifies M5/M2-brane charge. |[HSS18-ADE, p. 17][FSS19-HypH, §2.3]

Cohomotopy is dual to Homotopy: n (Sk ) ~ T (Sk)
4-co-homotopy group homotopy groups
of spheres of 4-sphere

Homotopy groups of the 4-sphere:
k= 1 23] 4 5 6 7 8 |9

all torsion

m(SH |0 |00 |Z |Z) | Zy | ZBZyp | Z3 | ~°°




Cohomotopy unifies M5/M2-brane charge. |[HSS18-ADE, p. 17][FSS19-HypH, §2.3]

Cohomotopy is dual to Homotopy: r (Sk ) ~ T (Sk)
4-co-homotopy group homotopy groups
of spheres of 4-sphere

Homotopy groups of the 4-sphere:
k= 1|23 ] 4 5 6 7 8 |9

all torsion

m(SH | 0|00 | Z |2y | Zy | Z&Zyp | Z3 | -7

—
4-Cohomotopy measures integer charges exactly around black BPS M2/M5-branes:

2

nt(AdS; xst) = mi(s?) n(sY ~ Z

black M5-brane
spacetime

—
t (AdS4 « 57)
black M2-brane
spacetime

2

7wt (S7)

2

U7 (S4) ~ YASYAY



Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

J-twisted orbifold Cohomotopy 7-54 (R4 ) un-stable/
around an orbi-singularity G cpt non-linear!

equivariant generalized equivariant generalized representation
cohomologies in RO-degree 4 cohomologies of the point rings


https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint

Approximating Cohomotopy by K-theory.

[BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

J-twisted orbifold Cohomotopy 71-4 (R4 ) un-stable/
around an orbi-singularity G cpt non-linear!

stabilization/ | .,
linearization

equivariant 84 ( S4>
stable Cohomotopy G

equivariant generalized
cohomologies in RO-degree 4

equivariant generalized
cohomologies of the point rings

representation


https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint

Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

J-twisted orbifold Cohomotopy 7-54 (R4 ) un-stable/
around an orbi-singularity G cpt non-linear!

stabilization/ |
linearization

BP72][Se74 Se71][tD79 Burnside
equivariant 84 S4 SO L 115¢74] R G [Se71][tD79] A i
G G K G ring
stable Cohomotopy [De06][Gui06] 1
equivariant generalized equivariant generalized representation

cohomologies in RO-degree 4 cohomologies of the point rings


https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint

Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

J-twisted orbifold Cohomotopy 7-54 (R4 ) un-stable/
around an orbi-singularity G cpt non-linear!

stabilization/ | .,
linearization

R [Se71][tD79] Burnside
equivariant 4 ( 4 ) 0 .
stable Cohomotopy SG S SG [De06][Gui06] RF 1 ( G) A G "

Hurewicz-Boardman ®
homomorphism 0%
J/ P p Fy

[BP72][Se74]

(initiality of S)

equivariant Ko‘é ( S4) KO(C); R]R (G )

orth. K-theory

equivariant generalized equivariant generalized representation
cohomologies in RO-degree 4 cohomologies of the point rings


https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint

Approximating Cohomotopy by K-theory.

[BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

J-twisted orbifold Cohomotopy
around an orbi-singularity

stabilization/ |
linearization

g (RE

) un-stable/
cpt

non-linear!

equivariant

56 (5%)

stable Cohomotopy

Hurewicz-Boardman
homomorphism
(initiality of S)
equivariant 4 ( 4)
orth. K-theory KOG S
further
extension of scalars
equivariant 4 ( 4)
complex K-theory KUG S

equivariant generalized
cohomologies in RO-degree 4

Burnside
0 [BP72][Se74] R G [Se71][tD79] '
ring
G De06][Gui06] Iy (G) G
0
KOg Rg(G)
J,®RC l@)RC
0
KU? Rc(G)
equivariant generalized representation
cohomologies of the point rings


https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint

Approximating Cohomotopy by K-theory.

[BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

un-stable/
non-linear!

J-twisted orbifold Cohomotopy
around an orbi-singularity

stabilization/ | .,
linearization

g (RE)

cpt

equivariant

56 (5%)

\L Hurewicz-Boardman

stable Cohomotopy

homomorphism
(initiality of S)

equivariant
orth. K-theory

KOA (5*)

further
extension of scalars

KU (5"

equivariant generalized
cohomologies in RO-degree 4

equivariant
complex K-theory

0 [BP72][Se74] [Se71][tD79] Burnside
G R, (G) G rine
[De06][Gui06]

& L

s S
p R R S

oS
>
0 S
KOG RR(G) e&‘i@
&9
» &
®C C ¢ F
R ®R J %@&
L&
0 “‘AQ&Q
-V s
KUG R¢ (G) — S
§FE
equivariant generalized representation @‘
cohomologies of the point rings


https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint

Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

J-twisted orbifold Cohomotopy 754 (R4 ) un-stable/
around an orbi-singularity G cpt non-linear!

stabilization/ | .,
linearization

BP72][Se74 Se71][tD7 Burnside
equivariant 84 ( S4> SO ) 15e74 R (G) [Se711ID79] A ring
stable Cohomotopy G G [De06][Gui06] IFl G
Hurewicz-Boardman Qq? g?
homomorphism [3 ®IE‘ R 9“?*9@
(initiality of S) 1 >
ivariant 4 (4 OO _\e&%eo
equivarian ( ) &
orth. K-theory KOG (S ) K G R]R G &‘é‘vé‘é
further ®. C ®. C o° S
\l/ extension of scalars R R ¢‘§ Q?z&
&L
equivariant KU4 ( S4) KUO Rc ( G) 5 §’\Qﬁ
complex K-theory G G ) Qe? &
¥ .8
equivariant generalized equivariant generalized representation @‘\
cohomologies in RO-degree 4 cohomologies of the point rings

Rem. [FSS20-Char, (353)].
The Boardman homomorphism exhibits exactly the identification G4 — Fy4 of [DMWOO]:

X" 4 P ., KU KU

\

T S
ch stabilization / linearization Boardman homomorphism Bott per.
; (G4 ,G7 ) — Gy — Iy

C-field flux RR-field flux



https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory#DMW00

Approximating Cohomotopy by K-theory.

[BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

J-twisted orbifold Cohomotopy 71-4 (R‘I- ) un-stable/
around an orbi-singularity G cpt non-linear!
stabilization/ | .,
linearization
equivariant 84 ( S4)
stable Cohomotopy G
Hurewicz-Boardman
homomorphism
(initiality of S)
equivariant 4 ( 4)
orth. K-theory KOG S
further
extension of scalars
equivariant 4 ( 4)
complex K-theory KUG S

equivariant generalized
cohomologies in RO-degree 4

Rem. [FSS20-Char, (353)].

0 [BP72][Se74] [Se71][tD79] Burnside
s? Ry, (G) Ag  rine
[De06][Guil6]
&L
S S
B ®p R S
| & \Q
>
0 S
X
&9
e &
SR
®R(c ®]R(C &Q @é’
S &
0 N
& ¢
KUg R¢ (G) — &
S
equivariant generalized representation @A
cohomologies of the point rings

The Boardman homomorphism exhibits exactly the identification G4 — Fy4 of [DMWOO]:

4 3 4 B 4
T — — KU KU
ch stabilization / linearization Boardman homomorphism Bott per.
; (G4,Gr) — G4 — Fy
C-field flux RR-field flux

However, 8 (and [DMWO00]) misses the double dimensional reductions G4 — H3 and G7 — F;
these do appear from Cohomotopy via cyclification ([FSS16-RatCoh][FSS16-TDual][BSS19-RatSt]).


https://ncatlab.org/nlab/show/stable+cohomotopy#AsAlgebraicKTheoryOverTheFieldWithOneElement
https://ncatlab.org/nlab/show/stable+cohomotopy#Deitmar06
https://ncatlab.org/nlab/show/Burnside+ring#AsTheEquivariantStableCohomotopyOfThePoint
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory#DMW00
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory#DMW00

Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

These two approximations...

cyclification &
stabilization &
Boardman homom.

M-Brane charge D-Brane charge

in Cohomotopy 5 > in K-Theory
(Hypothesis H) (trad. hypothesis)
cohomotopical ch
FSS character &
Fluxes in

Rational Cohomotopy
[Sal3, §2.5]




Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

These two approximations are compatible with each other:

cyclification &
stabilization &
Boardman homom.

M-Brane charge D-Brane charge

in Cohomotopy 5 > in K-Theory
(Hypothesis H) (trad. hypothesis)
cohomotopical ch h Chern
FSS character & ¢ character
Fluxes in clyifllélai:;t;i);lfz Fluxes in
Rational Cohomotopy > | Rational Cohomology
[Sal3, §2.5] (classical)




Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

small coupling limit Tvoe T'/IIA
M-Theory > P
String Theory
cyclification &
M-Brane charge stabilization & D-Brane charge
) Boardman homom. .
in Cohomotopy 5 ; in K-Theory
(Hypothesis H) (trad. hypothesis)
E 2
@ cohomotopical ch - Chern %
S FSS character d ¢ character %
o p—
% ~ . . ~ 5
Fluxes in cly.dlﬁc:‘l tion & Fluxes in
) Inearization )
Rational Cohomotopy > | Rational Cohomology
[Sal3, §2.5] (classical)
11d KK-compactification Type I'/1IA

~

Supergravity Supergravity




Approximating Cohomotopy by K-theory. [BSS19-FrcBrn][SS19-TadCnc][SS21-MF]

image(B) = liftable to M-theory

: Type I'/TIA
M-Theory | ——  cokernel(B) = not liftable to M-theory —— }.,p
: String Theory
kernel(f) = MNew effects in M-theory
cyclification &
M-Brane charge stabilization & D-Brane charge S
) Boardman homom. . ~ o =
in Cohomotopy 5 > in K-Theory g g 3
: : 0q
(Hypothesis H) (trad. hypothesis) % % Z
= s 5 =
.é —" —
biﬁ cohomotopical ch " Chern [T
g FSS character d ¢ character
O @« -
B N 2\ =, 2 o
= cyclification & o 5 2.
Fluxes in ly . Fluxes in £ 22
) inearization ) o 5.8
Rational Cohomotopy > | Rational Cohomology = 2 0
[Sal3, §2.5] (classical) %
11d KK-compactification Type I'/IIA

v

Supergravity Supergravity




Example: M5-tadpole cancellation. [SS19-TadCnc]
TEIVO_ " (RS’HS X V(T‘l//zé)) = %A (T4) = {NMS -2 — Nyos - 1 Nuos €1{0, -+ 716}(}’“"“‘“‘1““!
2

Nys € 7Z
heterotic MS-charges according to Hypothesis H equivariant 4-Cohomotopy coincides with informal folklore [SS19-TadCnc, Cor. 4.6]

Horava-Witten Atiyah—-Witten
orienti-folding orbi-folding
S Ms- ZHW o 74
orientifolding 2 2 U(I)V ZIZ_IW Z’g CSU(2)L CSU(Z)L XSU(Z)R
bosonic part of 1(), 1132 .
super-Minkowski (R | ) bos — R ! ’ ! X C X CJ X R X H K
spacetime P —_— A A PR ~ -\
M-spacetime indices 0 = 0 1 2 3 4 5 5 6 7 8 9
4d spacetime indices U = 0 1 2 3
= 4 5
internal indices
1 = 7 8 9
Moo
fixed-point strata / MK6

black branes
l _
IMS

R/Z5W

Horava-Witten bulk

graphics from [FSS21-M5Flav]



https://ncatlab.org/schreiber/show/Super-exceptional+M5-brane+model+--+Emergence+of+SU(2)-flavor+sector

Example: M5-tadpole cancellation. [SS19-TadCnc]
77:“/(}_ Fr) (RS,HS X )/(T“//Zé)) = Tc%A (T4) = {NMS -2 —NM05 . 1 Nyos € {07 T 716} non-additive!
2
]

Nys € 7Z
heterotic MS-charges according to Hypothesis H equivariant 4-Cohomotopy coincides with informal folklore [SS19-TadCnc, Cor. 4.6

We now explain this example in more detail. ANNANS



Background: The black M5 in 11d SuGra.

Fact. [AFFH99, 5.2] [dMFF12, §8.3]:
All BPS black M5-brane solutions of 11D supergravity are !/2BPS of this form:

black M5
. | (1/2 BPS)
with % = § (]R e H ) nealiillll;)il;lzon far-horizon as in the
as above limit above Thm.
ro < Up1 v/Nuss <r
AdS7 x $* /Gy R xR x R/ Gope
throat geometry intersecting flat orbifold

orbifold ADE-singularity with ADE-singularity



https://ncatlab.org/nlab/show/near-horizon+geometry#AFFHS98
https://arxiv.org/pdf/hep-th/9808014.pdf#page=22
https://ncatlab.org/nlab/show/M5-brane#MFF12
https://arxiv.org/pdf/1007.4761.pdf#page=41

Background: The black M5 in 11d SuGra.

Fact. [AFFH99, 5.2] [dMFF12, §8.3]:
All BPS black M5-brane solutions of 11D supergravity are ! /2BPS of this form:

black M5
. (12 BPS)
ol ? ] near horizon . )
with S = § (]R e H ) limit far-horizon as in the
as above limit above Thm.
ro S p1 v/ Nuis <r
4 5,1 1 4
AdS7 X S //GADE R X R X R //GADE
throat geometry intersecting flat orbifold
orbifold ADE-singularity with ADE-singularity

Consequence 1: Black BPS M5-branes are always domain walls inside an MK6-singularity:

ADE

A
|

|

. Mk @ Mre @) MKe ®
| M5 M5 M5
N

E.g.: [ZHTV14, §3.1] [Fal7, §3.3.1]


https://ncatlab.org/nlab/show/near-horizon+geometry#AFFHS98
https://arxiv.org/pdf/hep-th/9808014.pdf#page=22
https://ncatlab.org/nlab/show/M5-brane#MFF12
https://arxiv.org/pdf/1007.4761.pdf#page=41
https://ncatlab.org/nlab/show/M5-brane#ZHTV14
https://arxiv.org/pdf/1407.6359.pdf#page=9
https://ncatlab.org/nlab/show/NS5-brane#Fazzi17
https://arxiv.org/ftp/arxiv/papers/1712/1712.04447.pdf

Background: The black M5 in 11d SuGra.

Fact. [AFFH99, 5.2] [dMFF12, §8.3]:
All BPS black M5-brane solutions of 11D supergravity are ! /2BPS of this form:

black M5
. (12 BPS)
ol ? ! near horizon . )
with S = § (]R e H ) limit far-horizon as in the
as above limit above Thm.
rosS pi \/3 Nyis <L r
AdS7 x $* /Gy R xR x R/ Gupe
throat geometry intersecting flat orbifold
orbifold ADE-singularity with ADE-singularity
Consequence 2:
. . o
Individual M5-branes Nys ~ ¢(1)3 have Planck scale thickness r ~ fp; &
. . &
hence their near geometry make no sense as solutions of M-theory LA L

due to infinite + unknown tower of higher curvature quantum corrections ~ (61231 - R ) :

Conversely:

The M-meaningful far geometry yields flat super-orbifold spacetimes

where all curvature 1s crammed into orbi-singularities

so that also all quantum effects must be hiding inside orbi-singularities —
plausibly detected as charges measured in a proper orbifold cohomology theory!


https://ncatlab.org/nlab/show/near-horizon+geometry#AFFHS98
https://arxiv.org/pdf/hep-th/9808014.pdf#page=22
https://ncatlab.org/nlab/show/M5-brane#MFF12
https://arxiv.org/pdf/1007.4761.pdf#page=41
https://ncatlab.org/nlab/show/D=11+supergravity#ReferencesOnHigherCurvatureCorrectionsIn11dSupergravity

Background: The black M5 in 11d SuGra.

Fact. [AFFH99, 5.2] [dMFF12, §8.3]:
All BPS black M5-brane solutions of 11D supergravity are ! /2BPS of this form:

black M5
. (12 BPS)
ol ? ! near horizon . )
with S = § (]R e H ) limit far-horizon as in the
as above limit above Thm.
ro S p1 v/ Nuis <r
4 5,1 1 4
AdS7 X S //GADE R X R X R //GADE
throat geometry intersecting flat orbifold
orbifold ADE-singularity with ADE-singularity

Consequence 3: An M5-shaped orbi-singularity must be MK6 L MO9 =: ;MS5:

. ..

MO9

. .
-------

E.g.: [GKSTYOI, §6] [ZHTV14, §6] [GaTol4,§2.3]


https://ncatlab.org/nlab/show/near-horizon+geometry#AFFHS98
https://arxiv.org/pdf/hep-th/9808014.pdf#page=22
https://ncatlab.org/nlab/show/M5-brane#MFF12
https://arxiv.org/pdf/1007.4761.pdf#page=41
https://ncatlab.org/nlab/show/M5-MO9+brane+bound+state
https://ncatlab.org/nlab/show/NS5-brane#GKSTY02
https://arxiv.org/pdf/hep-th/0108135.pdf#page=66
https://ncatlab.org/nlab/show/M5-brane#ZHTV14
https://arxiv.org/pdf/1407.6359.pdf#page=31
https://ncatlab.org/nlab/show/heterotic+M-theory+on+ADE-orbifolds#GaiottoTomasiello14
https://arxiv.org/pdf/1404.0711.pdf#page=10

Quantum M-branes?

Hence, holding a quantum-microscope
over a 1M5 orbi-singularity, should
show quantum M-branes

of this form:

MK6s

spacetime X

ADE singularity

(the corresponding situation D6 — NS5
is shown in [EGKRSO00, Fig. 10]
and [GKSTYOI, (6.1)])



https://ncatlab.org/nlab/show/NS5-brane#EGKRS00
https://arxiv.org/pdf/hep-th/0005052.pdf#page=22
https://ncatlab.org/nlab/show/NS5-brane#GKSTY02
https://arxiv.org/pdf/hep-th/0108135.pdf#page=66

Quantum M-branes! [SS19-TadCnc][SS20-OrbCoh]

Hence, holding a quantum-microscope
over a 1M5 orbi-singularity, does
show quantum M-branes

of this form:

spacetime X

Hypothesis H asserts that:
This quantum-microscope is
J-twisted Cohomotopy theory.

ADE singularity

(the corresponding situation D6 — NS5
is shown in [EGKRSO00, Fig. 10]
and [GKSTYOI, (6.1)])
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https://arxiv.org/pdf/hep-th/0108135.pdf#page=66

Cohomotopy charge map. [SS19-TadCnc, §2.1] [SS21-MF, §2.2]

Namely, a small tubular neighbourhood of each MK6 carries

e
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This construction and its reverse is Pontrjagin’s construction ([Pon38], long before [Thom54]).
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https://ncatlab.org/nlab/show/Pontryagin+theorem#Thom54

Anti-branes and Cobordism. [SS19-TadCnc, §2.1]1 [SS21-MF, §2.2]

Under the above Pontrjagin construction one finds that:

cobordisms exhibiting ) \ coboundaries in
° ° A\ /4
brane/anti-brane reactions Cohomotopy theory
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Cohomotopy is framed Cobordism. [SS19-TadCnc, §2.1] [SS21-MF, §2.2]

Pontrjagin’s theorem says that
4-Cohomotopy 1s the conserved charge of these M-brane/anti-brane reactions

in that the Cohomotopy charge map yields a bijection on cobordism classes:
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Pontrjagin’s theorem says that
4-Cohomotopy 1s the conserved charge of these M-brane/anti-brane reactions
in that the Cohomotopy charge map yields a bijection on cobordism classes:

unstable Cohzmotopy unstable framed
charge .
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Rem. 1.

In particular this means that, in its stable = linearized approximation (cf above),
Hypothesis H says equivalently that M-brane charge is quantized in stable framed Cobordism.

This 1s reminiscent of discussion in [McNamara & Vafa 19], see [SS21-MF, §4] for more.
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Cohomotopy is framed Cobordism. [SS19-TadCnc, §2.1] [SS21-MF, §2.2]

Pontrjagin’s theorem says that
4-Cohomotopy 1s the conserved charge of these M-brane/anti-brane reactions
in that the Cohomotopy charge map yields a bijection on cobordism classes:
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the PT theorem allows to see the quantum M-branes around orb-singularities: NN~
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Equivariant Cohomotopy of flat orbifolds. Thm. 3.17 in [SS19-TadCnc]
Thm.: Charges in G,:-equivariant 4-Cohomotopy of T4 Proof.: Use tom Dieck’s
are labeled by: equivariant Hopf degree theorem.

1. a choice of charge € {0, —1} inside each singularity; [tD79, §8.4]
2. an integer number of |G, |-tuples of mirror unit charges.
C

T4 > 54
7~ -equivariant Cohomotopy cocycle
toroidal orbifold representation sphere
I\ N\
7 N\ ' N\

N orieni E E
\Oi‘leI:.tlfOId : / vanishing charge far away from all singularities \
action : = x
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https://ncatlab.org/nlab/show/Transformation+Groups+and+Representation+Theory

Tadpole cancellation in Cohomotopy. [SS19-TadCnc]

Informal idea of tadpole cancellation in string-theory and in M-theory:
1) total brane charge in compact transversal space must vanish; and yet there
2) may/must be branes, countering opposite charges appearing inside O-plane singularities.
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Tadpole cancellation in Cohomotopy. [SS19-TadCnc]
Informal idea of tadpole cancellation in string-theory and in M-theory:

1) total brane charge in compact transversal space must vanish; and yet there

2) may/must be branes, countering opposite charges appearing inside O-plane singularities.

Formalization in Cohomotopy theory according to Hypothesis H:

Rem. The condition tot =0

tadpole-free charges 4 ( 4) N {O} is naturally understood from
fiber of tot-operation Gape tot=0 super-differential refinement of
Cohomotopy [SS19-TadCnc, (58)].
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Tadpole cancellation in Cohomotopy. [SS19-TadCnc]
Informal idea of tadpole cancellation in string-theory and in M-theory:

1) total brane charge in compact transversal space must vanish; and yet there

2) may/must be branes, countering opposite charges appearing inside O-plane singularities.

Formalization in Cohomotopy theory according to Hypothesis H:

Rem. The condition tot =0

tadpole-free charges 4 ( 4) N {O} is naturally understood from
fiber of tot-operation Gape tot=0 super-differential refinement of
Cohomotopy [SS19-TadCnc, (58)].
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MO35-planes carfy — I M5-brane charge. Proves old conjecturé: [DMO5, §21[Wi 95, §31[H098, §2.11.
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https://ncatlab.org/nlab/show/MO5#DasguptaMukhil95
https://ncatlab.org/nlab/show/MO5#Witten95
https://ncatlab.org/nlab/show/MO5#Hori98

Outlook — Further predictions.

This concludes my survey of one prediction of Hypothesis H on flat orbifold spacetimes.
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Another prediction is the absence of irrational fractional D-brane charges [BSS19-FrcBrn],
which solves a problem with (equivariant) K-theory highlighted in [BDS00][BDH™"01,p. 89].
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Another prediction is the absence of irrational fractional D-brane charges [BSS19-FrcBrn],

which solves a problem with (equivariant) K-theory highlighted in [BDS00][BDH™"01,p. 89].

Among the predictions in the other limit, of smooth but curved spacetimes X,
stands out the shifted 4-flux quantization [FSS19-HypH, Prop. 3.13][FSS20-Char, §5.3]:
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(where 7 is Sp(2) x Sp(1)-structure on X and @ is a compatible connection/field of gravity).


https://ncatlab.org/nlab/show/RR+field#BDS00
https://ncatlab.org/nlab/show/D-brane+charge+quantization+in+K-theory#BDHKMMS01
https://arxiv.org/pdf/hep-th/0103170.pdf#page=90

Outlook — Further predictions.

This concludes my survey of one prediction of Hypothesis H on flat orbifold spacetimes.
Another prediction is the absence of irrational fractional D-brane charges [BSS19-FrcBrn],

which solves a problem with (equivariant) K-theory highlighted in [BDS00][BDH™"01,p. 89].

Among the predictions in the other limit, of smooth but curved spacetimes X,
stands out the shifted 4-flux quantization [FSS19-HypH, Prop. 3.13][FSS20-Char, §5.3]:

G, dG7 = —3G4 NGy + -
ﬂ:T(X) ch 7 GQ.<X) 7 2 4 4
Gy dGy = 0, [G4—|—}Lp1((0)] S H4 X, 7Z)

/ ~~conc

(where 7 is Sp(2) x Sp(1)-structure on X and @ is a compatible connection/field of gravity).

That this shifted flux quantization should hold in M-theory 1s a famous proposal [W196a, 96b]
& general. cohomology to capture this one condition has been purpose-built: [HSOS][DFMO7].
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Outlook — Further predictions.

This concludes my survey of one prediction of Hypothesis H on flat orbifold spacetimes.
Another prediction is the absence of irrational fractional D-brane charges [BSS19-FrcBrn],

which solves a problem with (equivariant) K-theory highlighted in [BDS00][BDH™"01,p. 89].

Among the predictions in the other limit, of smooth but curved spacetimes X,
stands out the shifted 4-flux quantization [FSS19-HypH, Prop. 3.13][FSS20-Char, §5.3]:

G, dG7 = —3G4 NGy + -
ET(X) ch 7 GQ.<X) 7 2 4 4
Gy dGy = 0, [G4—l—}¥p1(a))] S H4 X, 7Z) /

(where 7 is Sp(2) x Sp(1)-structure on X and @ is a compatible connection/field of gravity).

That this shifted flux quantization should hold in M-theory 1s a famous proposal [W196a, 96b]
& general. cohomology to capture this one condition has been purpose-built: [HSOS5][DFMO07].

But various further consistency conditions on M-flux are expected, e.g.

Page charge quantization of G7. Hypothesis H implies this, too: [FSS19-M5WZ, Thm. 4.8].
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Outlook — Quantum M-Theory.

Assuming Hypothesis H is ~ correct, a natural question arises:
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Outlook — Quantum M-Theory.

Assuming Hypothesis H is ~ correct, a natural question arises:

Beyond understanding the quantum moduli of the C-field,
do we get closer to a definition of full M-theory?

On the above general grounds we expect with Hypothesis H, that
quantum states of M-theory are positive elements in cohomology
of the moduli co-stack of cocycles of J-twisted orbi-Cohomotopy:
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We identified [CSS21-Quant, Thm. 1.2 & §4] such states in top. sector of D6 | D8-branes
and discovered [SS19-Quant] structures expected from DBI- and Hanany-Witten arguments.



Outlook — Quantum M-Theory.

Assuming Hypothesis H is ~ correct, a natural question arises:

Beyond understanding the quantum moduli of the C-field,
do we get closer to a definition of full M-theory?

On the above general grounds we expect with Hypothesis H, that
quantum states of M-theory are positive elements in cohomology
of the moduli co-stack of cocycles of J-twisted orbi-Cohomotopy:

H® Map*(% Iy (St Spin(4)))mspm<4))

> \Y »
v 2\ of
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We identified [CSS21-Quant, Thm. 1.2 & §4] such states in top. sector of D6 | D8-branes
and discovered [SS19-Quant] structures expected from DBI- and Hanany-Witten arguments.

So it looks promising...



these slides and further pointers are available at:
ncatlab.org/schreiber/show/Proper+0rbifold+Cohomotopy+for+M-Theory
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