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Dirac charge quantization — The topological sector of the
electromagnetic field 1s a cocycle in degree-2 ordinary cohomology;,

with classifying/coefficient space BU(1).
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charge = homotopy class

Atiyah-Hitchin charge quantization — The moduli space
of SU(2) Yang-Mills monopoles is the cocycle space of complex-
rational Cohomotopy of any sphere enclosing them.
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Strominger-Witten: Monopoles are wrapped M5-branes
and the elusive non-perturbative Yang-Mills theory is in M-theory.
~+ Open problem: Wherein s M5-brane charge quantization?
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C-field 1s charge-quantized in J-tuisted Cohomotopy theory.
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(2)
Orientifold Tadpole Cancellation
implied by
Hypothesis H with Equivariant Hopf Degree Theorem

Sati-Schreiber 19a [arXiv:1909.12277|
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being a unit charge at the single point.
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Figure S - Singularity structure of heterotic M-theory on ADE-singularities, as in[Figure R| [HSS18, 2.2.2, 2.2.7]. The corresponding
toroidal orbifolds (as per|Table 5) are illustrated in|Figure V|and|Table 8
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to the middle of a sub-simplex are diagonal subgroups inside the direct product of subgroups associated to the vertices, as indicated by
the superscripts. On the right, all fixed loci with superscript (—) are actually empty, but appear as superficially non-empty (un-charged)
singularities after M/IIA KK-reduction (68), e.g. 049 (71), 080 (74), as on the right of |[Figure OP| The numbered subscripts (xx) indicate

the corresponding expression in the text.
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(3)
D6 L D8 -brane intersections
implied by
Hypothesis H with May-Segal Theorem

Sati-Schreiber 19¢ |arXiv:1912.10425]|

back to top
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(4)
Hanany-Witten Theory
implied by
Hypothesis H with Fadell-Husseini Theorem

Sati-Schreiber 19¢ |arXiv:1912.10425|
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Horizontal chord diagrams form algebra under concatenation of strands.

tik’ O tij

= tiktij

This is universal enveloping algebra of the infinitesimal braid Lie algebra (Kohno):

(i) the 2T relations:

(ii) the 4T relations

tij tkg) =0

Lij, tik Tt =0
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these are the rules of Hanany-Witten theory
for NS5 L Dp L D(p + 2)-brane intersections

if we identity horizontal chord diagrams as follows:
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(iii) green dots as NS5-branes;

(iv) gray lines as Dp-branes,
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1 2 3 4

(i) strands as D(p +2)-branes; Dp
(i) chords as Dp-branes,

5
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(5)
Chan-Paton data
implied by
Hypothesis H with Bar-Natan’ theorem

Sati-Schreiber 19¢ |arXiv:1912.10425]|
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are horizontal weight systems:
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weight systems

chord diagrams
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https://ncatlab.org/nlab/show/D6-D8-brane+bound+state
https://ncatlab.org/nlab/show/weight+systems+are+cohomology+of+loop+space+of+configuration+space
https://ncatlab.org/nlab/show/weight+system
https://arxiv.org/pdf/1912.10425.pdf#page=4

b
All horizontal weight systems w : A" = C come from Chan-Paton data:
1) metric Lie representations| p |2) stacks of coincident strands|3) winding monodromies:
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https://ncatlab.org/nlab/show/metric+Lie+representation
https://ncatlab.org/nlab/show/all+horizontal+weight+systems+are+partitioned+Lie+algebra+weight+systems
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https://ncatlab.org/nlab/show/metric+Lie+representation

(6)
BMN Matrix Model States
implied by

Hypothesis H

back to top



https://ncatlab.org/schreiber/show/Hypothesis+H

close up strands

Sullivan chord diagrams

Horizontal chord diagrams Aty
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Liz algebra
weight sysiem

Tria1)(se43) © Wivp)

= T, (Pa-Pa-p*) Tr, (Ps-pe-p?-p° - p°)

multi-irace observable

p € su(2) MetricReps equivalently identified with:

0) configuration of concentric fuzzy 2-spheres
1) fuzzy funnel state in DBI model for Dp L. D(p + 2)
2) susy state in BMN matrix model for M2/M5

b
corresponding weight systems Wi A" = C are:

0) radius fluctuation amplitudes of fuzzy 2-spheres

1) | . , DBI model
invariant multi-trace observables in { BVN model



https://ncatlab.org/nlab/show/metric+Lie+representation
https://ncatlab.org/nlab/show/metric+Lie+representation
https://ncatlab.org/nlab/show/fuzzy+2-sphere
https://ncatlab.org/nlab/show/fuzzy+funnel
https://ncatlab.org/nlab/show/Dirac-Born-Infeld+action
https://ncatlab.org/nlab/show/Dp-D(p+2)-brane+bound+state
https://ncatlab.org/nlab/show/BMN+matrix+model#GroundStates
https://ncatlab.org/nlab/show/BMN+matrix+model
https://ncatlab.org/nlab/show/M2-M5+brane+bound+state
https://ncatlab.org/nlab/show/multi-trace+operator
https://ncatlab.org/nlab/show/Dirac-Born-Infeld+action
https://ncatlab.org/nlab/show/BMN+matrix+model

0) Radius fluctuation observables on N-bit fuzzy 2-spheres 5]2\,
are N € su(2).MetricReps weight systems on chord diagrams:

5N

= ETr(Xq-Xp-X?-X")




Supersymmetric state P
of BMN matrix model (511(2).1} RV — V)
(fuzzy 2-sphere geometry)

monomial $2-rotation invariant
multi-trace observable

Tt, (Pa- pa-P?) Tty (Pp- p? - pe-pe-p” - Py - p°) Ty, (p° - p7)

Value of multi-trace observable

1,2) weight system w), is the observable aspect of matrix model state p:

weight systems on
horizontal chord diagrams

pb
4%
naive funnel- / susy-states of states of DBI model / BMN matrix mode
DBI model / BMN matrix model as observed by invariant multi-trace observables

linear combinations of
finite-dim su-representations

Span (su(2)MetricReps) Pt




(7)
M2/M5 Brane Bound States

implied by

Hypothesis H
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https://ncatlab.org/schreiber/show/Hypothesis+H

Given a sequence of susy states in the BMN matrix model

M2/M>5-brane charge in ith stack

M'Q/ M?—brane state (th irrep with multiplicity)
(finite-dim su(2)-rep) A
e ~\

(V,p) = & (NFMQ) .N(.M5>) c 5u(2)@MetricRepS/N

[/ (4

stacks of coincident branes
(direct sum over irreps)

this is argued to converge to macroscopic M2- or Mb5-branes
depending on how the sequence behaves in the large NV limit:

Stacks of macroscopic...

M2-branes Mb5-branes

, (M5) (M2) the relevant
If for all 2 NZ- — 00 Ni — 00 (large N limit) )
. (M2) (M5) the number of coincident branes
with fixed N; N ( in the 7th stack )

(M2) (M5) the charge/light-cone momentum
and fixed Ni /N Ni [N ( carried by the 7th stack



https://ncatlab.org/nlab/show/BMN+matrix+model#M2M5BraneBoundStatesInTheBMNMatrixModel
https://ncatlab.org/nlab/show/large+N+limit

Given a sequence of susy states in the BMN matrix model

M2/M>5-brane charge in ith stack

M2/M>5-brane state (ith irrep with multiplicity)

(finite-dim su(2)-rep) A
—~ = " (M2 M5)
(V,p) = & (N,f )-Né >) € su(2)cMetricReps
\i,/

stacks of coincident branes
(direct sum over irreps)

the large NV but

limit does not exist does exist in weight systems
here: )
Span (su(2).MetricReps) e W’

if we normalize by the scale of the fuzzy 2-sphere geometry:

Yk pb
(V)20 Trn N ) < W

A\ J/
v states as seen by multi-trace observables
Single M2-brane state in BMN model

(multiple of suc-weight system)

(weight systems on chord diagrams)



Fuzzy 2- sphere geomctne‘i

(metric repre sentations of su(2

M2-M3-brane bound states
(normalized Lie algebra weights)

Supersymmetric states of BMN matrix model
(weight systems on Sullivan chord diagrams)

as emergent under Hypothesis H
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finite number of M2-branes
in their large-N limit
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https://ncatlab.org/nlab/show/M2-M5+brane+bound+state
https://ncatlab.org/schreiber/show/Hypothesis+H

End.
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