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1. PRELIMINARIES

1.1. Homotopy and basepoints. All the topological spaces we will encounter are manifolds.
Frequently, we will discuss the homotopy groups º j (X ) where j ∏ 1. These will be considered for
two kinds of spaces: Lie groups and quotients G/H (coset spaces) of Lie groups. Strictly, homotopy
groups º j for j ∏ 1 are defined for a topological space equipped with basepoint.

The spaces we consider are connected, unless otherwise stated. If X is a topological space, x0
and x1 are two basepoints, and ∞ is a path from x0 to x1 in X , then ∞ determines isomorphisms

√∞ :º j (X , x0) !º j (X , x1).

Therefore, for a connected space, the isomorphism class of º j (X , x0) is independent of the choice
of x0. Even better, the spaces we will consider are simple in the sense of [Whi12, Chapter IV,
§3]. This implies that the isomorphism √∞ depends only on x0 and x1, and is independent of
the precise ∞ taken. Therefore the groups º j (X , x0), º j (X , x1) are not merely isomorphic, they are
canonically isomorphic.

We need one more reassurance before we completely drop basepoints from our notation.

Lemma 1.1. Let X be connected simple topological space. Let j ∏ 1 be an integer. Endow the j -sphere

S j
with a basepoint s. Suppose f , g : S j ! X are two maps, and ∞ is a path from f (s) to g (s). Then f

is homotopic to g if and only if √∞([ f ]) = [g ] 2º j (X , g (s)).

This is a consequence of [Whi12, Chapter III, 1.11]. Note that the homotopy between f and g
is free, i.e., not basepoint-preserving, since f (s) need not equal g (s). For non-simple spaces, the
distinction between basepoint-preserving and free homotopies is significant.

Since we will encounter only simple spaces X , we are justified in writing º j (X ) and considering
this to consist of (free) homotopy classes of maps S j ! X .

We will also consider some other topological invariants, notably the singular homology H j (X ; A)

and the de Rham cohomology H j
dR (X ). These theories do not depend on choices of basepoint.

1.2. A representation. Suppose n ∏ 2. The adjoint representation SU(n) ! SL(n2 °1;C) is given
by letting A 2 SU(n) act on the complex n2 °1-dimensional vector space of n £n trace-0 matrices
by conjugation:

A ·M = A†M A.

The kernel of this representation is the centre Z (SU(n)) ª= Z/(n), so that we obtain a faithful
representation of PU(n).

It is a general fact that since SU(n) is compact, the image of the representation lies in a maximal
compact subgroup of SL(n2°1;C). Such subgroups are the subgroups that preserve complex inner
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products. In this case, we can identify one such complex inner product on the space of n £n
trace-0 matrices:

(1) hM , Ni= Tr(M N †).

(To see that this is positive-definite, observe that if M 6= 0, then M M † is a hermitian matrix having
at least one positive entry on the diagonal).

We observe that the action of A also preserves hermitian matrices, i.e., those for which M † = M .
The space of trace-0 hermitian n £n-matrices is a real vector space of dimension n2 °1, and the
restriction of (3) to this vector space is a positive-definite inner product. Therefore, our represen-
tation PU(n) ! SU(n2 °1) factors as

(2) PU(n) SO(n2 °1) SU(n2 °1).
¡n incl.

We will write ¡ for ¡n when n is clear from the context.
Later we will want to know that ¡n is the restriction to maximal compact subgroups of a

homomorphism of complex algebraic groups. This is addressed in Section 4.

2. THE LONG EXACT SEQUENCE AND THE INDEX

We view PU(n) as embedded in SO(n2 °1), which in turn is embedded in SU(n2 °1). We will
write Xn for the space of right cosets SO(n2 °1)/PU(n): that is, a point x 2 Xn is an equivalence
class of elements g 2 SO(n2 °1) where g ª g 0 if g°1g 0 2 PU(n).

The space Xn is a manifold, being the quotient of a Lie group by a closed subgroup. It is,
however, harder to work directly with this manifold than with subgroups of SU(n2 °1), since we
have not set up a system of coordinates for Xn . In Subsection 2.1, we will relate the homotopy
groups º j (PU(n)), º j (SO(n2 ° 1)) and º j (Xn), and it will be computationally helpful to have a
description of º j (Xn) in terms of SO(n2 °1) and PU(n).

2.1. Long exact sequence. Whenever one has a closed subgroup H of a compact Lie group G,
one obtains a principal H-bundle G ! G/H . The general theory is developed in [Ste51, Parts I
and II]. In slightly more modern language, H !G !G/H form a fibre bundle. Associated to this
fibre sequence, there is a long exact sequence of homotopy groups

· · · ºi (H) ºi (G) ºi (G/H) ºi°1(H) · · ·@

(all groups are given a basepoint of their identity element, the coset space is based at the identity
coset eH). This long exact sequence is developed as [MT00, II, Corollary 3.12]. Here, the maps
ºi (H) !ºi (G) and ºi (G) !ºi (G/H) are induced by the inclusion H !G and the quotient G !G/H
respectively.

Corollary 2.1. Suppose n ∏ 3. There is a long exact sequence of homotopy groups

· · · ºi (PU(n)) ºi (SO(n2 °1)) ºi (SO(n2 °1)/PU(n)) ºi°1(PU(n)) · · ·
¡§ @ ¡§

and therefore º3(SO(n2 °1)/PU(n)) ª= Z/(im(¡§)).



Topological Charge and Skyrmions
• A Skyrmion corresponds to a field 

configuration defined on space,    , that is of 
finite energy and stable and consequently 
goes to a constant at infinity.     

• The field configuration has a non-trivial, 
topological “quantum” number, which is 
ultimately responsible for its stability. 

• The field takes values in an interesting 
“target space”,     , the Skyrmion 
corresponds to of maps:   

• This defines the homotopy group 
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T
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⇧3(T )
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S3 ! T



Usual Skyrmions

• The usual Skyrmions correspond to maps: 

• A possible Lagrangian that defines 
dynamics, energy, etc. is given by:

<latexit sha1_base64="lWnCLC2sFlgy3EZjpt0aLdnAn+8="></latexit>
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�

<latexit sha1_base64="8xLB8xtQ30uK3MLLqH5CCJAaDqE="></latexit>

S3 ! (SUL(2)⇥ SUR(2))/SUV (2) = SU(2)

<latexit sha1_base64="Fd+TiyN5D+/h3Qu13TH9Kx8nq9o=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR2k1JalE3QtGNy4qmLTYhTKaTdujkwcxEKLELf8WNC0Xc+hvu/BsnbRbaemDgcM693DPHixkV0jC+tcLS8srqWnG9tLG5tb2j7+61RZRwTCwcsYh3PSQIoyGxJJWMdGNOUOAx0vFGV5nfeSBc0Ci8k+OYOAEahNSnGEklufqB3aLuSeXWqtSr1Qs7QHLoefDe1ctGzZgCLhIzJ2WQo+XqX3Y/wklAQokZEqJnGrF0UsQlxYxMSnYiSIzwCA1IT9EQBUQ46TT/BB4rpQ/9iKsXSjhVf2+kKBBiHHhqMgso5r1M/M/rJdI/d1IaxokkIZ4d8hMGZQSzMmCfcoIlGyuCMKcqK8RDxBGWqrKSKsGc//Iiaddr5mmtcdMoNy/zOorgEByBCjDBGWiCa9ACFsDgETyDV/CmPWkv2rv2MRstaPnOPvgD7fMHCSuUNA==</latexit>

⇧3(SU(2)) = Z



Fractional Skyrmions
• What if                was more interesting. 
• We considered the possibility that  

• In such a case, combining three such 
Skyrmions together would give a trivial 
configuration.  If the quantum number was 
1/3, then it would be something analogous 
to colour confinement, three quarks can be 
colour neutral.   

<latexit sha1_base64="7BVMo/FFCsySEZuukyXW+w7rR7Q=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXi3osevFYoV/QLiWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8w8PxZcG8f5Rrm19Y3Nrfx2YWd3b/+geHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vpv57SemNI9kw0xi5oVkKHnAKTFW6vTqvH9Zbpz3iyWn4syBV4mbkRJkqPeLX71BRJOQSUMF0brrOrHxUqIMp4JNC71Es5jQMRmyrqWShEx76fzeKT6zygAHkbIlDZ6rvydSEmo9CX3bGRIz0sveTPzP6yYmuPFSLuPEMEkXi4JEYBPh2fN4wBWjRkwsIVRxeyumI6IINTaigg3BXX55lbQuKu5VpfpQLdVuszjycAKnUAYXrqEG91CHJlAQ8Ayv8IYe0Qt6Rx+L1hzKZo7hD9DnD7pDjx8=</latexit>

⇧3(T )
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Some mathematics
For monopoles we have the exact sequence: 

which means  that: 

We need a similar identification but for one higher 
dimension 

<latexit sha1_base64="+w7pHlU2LZAmgLJ3I4orz1lZnxM=">AAACGHicbZBNa8IwGMdT9+bcW7cddymTgV60Fdl2EWQ76NHBfAFbShpTDaZpSdKBFD/GLvsqu+ywMXb1tm+zqB043R8Cv/yf5yF5/l5EiZCm+a1ltrZ3dvey+7mDw6PjE/30rCPCmCPcRiENec+DAlPCcFsSSXEv4hgGHsVdb3w/r3efMBckZI9yEmEngENGfIKgVJarl82a3SJupdAo2jJMsdz8vViFFWwUa6ar582SuZCxCVYKeZCq5eozexCiOMBMIgqF6FtmJJ0EckkQxdOcHQscQTSGQ9xXyGCAhZMsFpsaV8oZGH7I1WHSWLirEwkMhJgEnuoMoByJ9drc/K/Wj6V/6ySERbHEDC0f8mNqyNCYp2QMCMdI0okCiDhRfzXQCHKIpMoyp0Kw1lfehE6lZF2Xqg/VfP0ujSMLLsAlKAAL3IA6aIIWaAMEnsEreAcf2ov2pn1qX8vWjJbOnIM/0mY/4Aucjw==</latexit>

0 = ⇧2(G) ! ⇧2(G/H) ! ⇧1(H) ! ⇧1(G) = 0

• From the “long exact sequence”: 

• it follows that: 

• Then for monopoles we ask what group has: 

• Indeed:

<latexit sha1_base64="+w7pHlU2LZAmgLJ3I4orz1lZnxM=">AAACGHicbZBNa8IwGMdT9+bcW7cddymTgV60Fdl2EWQ76NHBfAFbShpTDaZpSdKBFD/GLvsqu+ywMXb1tm+zqB043R8Cv/yf5yF5/l5EiZCm+a1ltrZ3dvey+7mDw6PjE/30rCPCmCPcRiENec+DAlPCcFsSSXEv4hgGHsVdb3w/r3efMBckZI9yEmEngENGfIKgVJarl82a3SJupdAo2jJMsdz8vViFFWwUa6ar582SuZCxCVYKeZCq5eozexCiOMBMIgqF6FtmJJ0EckkQxdOcHQscQTSGQ9xXyGCAhZMsFpsaV8oZGH7I1WHSWLirEwkMhJgEnuoMoByJ9drc/K/Wj6V/6ySERbHEDC0f8mNqyNCYp2QMCMdI0okCiDhRfzXQCHKIpMoyp0Kw1lfehE6lZF2Xqg/VfP0ujSMLLsAlKAAL3IA6aIIWaAMEnsEreAcf2ov2pn1qX8vWjJbOnIM/0mY/4Aucjw==</latexit>

0 = ⇧2(G) ! ⇧2(G/H) ! ⇧1(H) ! ⇧1(G) = 0
<latexit sha1_base64="MwwqC0rG6bCMHMS9ZiJ7Yy1GwEA=">AAACK3icbVDLSsNAFJ34rPUVdekmWIR0U5NS1E2h1I3LiqYtNCFMptN26GQSZiZCCf0fN/6KC134wK3/4bQN0ocXBs495x7u3BPElAhpWZ/a2vrG5tZ2bie/u7d/cKgfHTdFlHCEHRTRiLcDKDAlDDuSSIrbMccwDChuBcObid56xFyQiD3IUYy9EPYZ6REEpaJ8vW5V3Qbxy+a9Y5aLRVdGc+2FY9p/nG0udpmjavl6wSpZ0zJWgZ2BAsiq4euvbjdCSYiZRBQK0bGtWHop5JIgisd5NxE4hmgI+7ijIIMhFl46vXVsnCuma/Qirh6TxpSdd6QwFGIUBmoyhHIglrUJ+Z/WSWTv2ksJixOJGZot6iXUkJExCc7oEo6RpCMFIOJE/dVAA8ghkirevArBXj55FTTLJfuyVLmrFGr1LI4cOAVnwAQ2uAI1cAsawAEIPIEX8A4+tGftTfvSvmeja1rmOQELpf38ArFWoT8=</latexit>

0 = ⇧2(SU(2)) ! ⇧2(SU(2)/U(1)) ! ⇧1(U(1)) ! ⇧1((SU(2)) = 0

<latexit sha1_base64="2AnHqo0xTdqY6JBPcXJNe8ooMOQ=">AAACEHicbZC7TsMwFIadcivlFmBksagQ6VKSqgIWpAoWxiJIW9FGkeM6rVXnIttBqqI+AguvwsIAQqyMbLwNTpsBWn7J0qf/nCOf83sxo0Ka5rdWWFpeWV0rrpc2Nre2d/TdvZaIEo6JjSMW8Y6HBGE0JLakkpFOzAkKPEba3ugqq7cfCBc0Cu/kOCZOgAYh9SlGUlmuftxrUrdm3NpGrXJiG1alcpE5lpFzgOTQ8+C9q5fNqjkVXAQrhzLI1XT1r14/wklAQokZEqJrmbF0UsQlxYxMSr1EkBjhERqQrsIQBUQ46fSgCTxSTh/6EVcvlHDq/p5IUSDEOPBUZ7agmK9l5n+1biL9cyelYZxIEuLZR37CoIxglg7sU06wZGMFCHOqdoV4iDjCUmVYUiFY8ycvQqtWtU6r9Zt6uXGZx1EEB+AQGMACZ6ABrkET2ACDR/AMXsGb9qS9aO/ax6y1oOUz++CPtM8fKTaY7Q==</latexit>

⇧2(SU(2)/U(1)) = ⇧1(U(1)) = Z

<latexit sha1_base64="+4Uzuo+MitQIkmDSRuvbg1ytjCM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREi7oRim66rGAf2IQwmU7aoZNJmJkINRR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8ePGZXKsr6NwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek449uMr/zQISkEb9T45i4IRpwGlCMlJY888BpUs+uNE6unBCpoe/De+/MM8tW1ZoCLhI7J2WQo+mZX04/wklIuMIMSdmzrVi5KRKKYkYmJSeRJEZ4hAakpylHIZFuOk0/gcda6cMgEvpxBafq740UhVKOQ19PZhHlvJeJ/3m9RAWXbkp5nCjC8exQkDCoIphVAftUEKzYWBOEBdVZIR4igbDShZV0Cfb8lxdJ+7Rqn1drt7Vy/TqvowgOwRGoABtcgDpogCZoAQwewTN4BW/Gk/FivBsfs9GCke/sgz8wPn8AOPWTzQ==</latexit>

⇧1(H) = Z3

<latexit sha1_base64="R4Zd/44p2GJLlxikM1Fr+m+IQ68=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VoNyGxRd0IRTcuK5q22IQwmUzasZMHMxOhhH6AG3/FjQtF3PoB7vwbJ20X2npg4HDOucy9x0sYFdIwvrXC0vLK6lpxvbSxubW9U97da4s45ZhYOGYx73pIEEYjYkkqGekmnKDQY6TjDS9zv/NAuKBxdCtHCXFC1I9oQDGSSnLLFbtFXbN6Y1XrNTezeQiRf6+Pa+d2iOTA8+CdW1cpQzcmgIvEnJEKmKHllr9sP8ZpSCKJGRKiZxqJdDLEJcWMjEt2KkiC8BD1SU/RCIVEONnkmDE8UooPg5irF0k4UX9PZCgUYhR6KpmvKOa9XPzP66UyOHMyGiWpJBGefhSkDMoY5s1An3KCJRspgjCnaleIB4gjLFV/JVWCOX/yImkf6+aJ3rhuVJoXszqK4AAcgiowwSlogivQAhbA4BE8g1fwpj1pL9q79jGNFrTZzD74A+3zB2gDmVY=</latexit>

⇧1(SU(3)adj.) = Z3

• From the “long exact sequence”: 

• it follows that: 

• Then for monopoles we ask what group has: 

• Indeed:

<latexit sha1_base64="+w7pHlU2LZAmgLJ3I4orz1lZnxM=">AAACGHicbZBNa8IwGMdT9+bcW7cddymTgV60Fdl2EWQ76NHBfAFbShpTDaZpSdKBFD/GLvsqu+ywMXb1tm+zqB043R8Cv/yf5yF5/l5EiZCm+a1ltrZ3dvey+7mDw6PjE/30rCPCmCPcRiENec+DAlPCcFsSSXEv4hgGHsVdb3w/r3efMBckZI9yEmEngENGfIKgVJarl82a3SJupdAo2jJMsdz8vViFFWwUa6ar582SuZCxCVYKeZCq5eozexCiOMBMIgqF6FtmJJ0EckkQxdOcHQscQTSGQ9xXyGCAhZMsFpsaV8oZGH7I1WHSWLirEwkMhJgEnuoMoByJ9drc/K/Wj6V/6ySERbHEDC0f8mNqyNCYp2QMCMdI0okCiDhRfzXQCHKIpMoyp0Kw1lfehE6lZF2Xqg/VfP0ujSMLLsAlKAAL3IA6aIIWaAMEnsEreAcf2ov2pn1qX8vWjJbOnIM/0mY/4Aucjw==</latexit>

0 = ⇧2(G) ! ⇧2(G/H) ! ⇧1(H) ! ⇧1(G) = 0
<latexit sha1_base64="MwwqC0rG6bCMHMS9ZiJ7Yy1GwEA=">AAACK3icbVDLSsNAFJ34rPUVdekmWIR0U5NS1E2h1I3LiqYtNCFMptN26GQSZiZCCf0fN/6KC134wK3/4bQN0ocXBs495x7u3BPElAhpWZ/a2vrG5tZ2bie/u7d/cKgfHTdFlHCEHRTRiLcDKDAlDDuSSIrbMccwDChuBcObid56xFyQiD3IUYy9EPYZ6REEpaJ8vW5V3Qbxy+a9Y5aLRVdGc+2FY9p/nG0udpmjavl6wSpZ0zJWgZ2BAsiq4euvbjdCSYiZRBQK0bGtWHop5JIgisd5NxE4hmgI+7ijIIMhFl46vXVsnCuma/Qirh6TxpSdd6QwFGIUBmoyhHIglrUJ+Z/WSWTv2ksJixOJGZot6iXUkJExCc7oEo6RpCMFIOJE/dVAA8ghkirevArBXj55FTTLJfuyVLmrFGr1LI4cOAVnwAQ2uAI1cAsawAEIPIEX8A4+tGftTfvSvmeja1rmOQELpf38ArFWoT8=</latexit>

0 = ⇧2(SU(2)) ! ⇧2(SU(2)/U(1)) ! ⇧1(U(1)) ! ⇧1((SU(2)) = 0

<latexit sha1_base64="2AnHqo0xTdqY6JBPcXJNe8ooMOQ=">AAACEHicbZC7TsMwFIadcivlFmBksagQ6VKSqgIWpAoWxiJIW9FGkeM6rVXnIttBqqI+AguvwsIAQqyMbLwNTpsBWn7J0qf/nCOf83sxo0Ka5rdWWFpeWV0rrpc2Nre2d/TdvZaIEo6JjSMW8Y6HBGE0JLakkpFOzAkKPEba3ugqq7cfCBc0Cu/kOCZOgAYh9SlGUlmuftxrUrdm3NpGrXJiG1alcpE5lpFzgOTQ8+C9q5fNqjkVXAQrhzLI1XT1r14/wklAQokZEqJrmbF0UsQlxYxMSr1EkBjhERqQrsIQBUQ46fSgCTxSTh/6EVcvlHDq/p5IUSDEOPBUZ7agmK9l5n+1biL9cyelYZxIEuLZR37CoIxglg7sU06wZGMFCHOqdoV4iDjCUmVYUiFY8ycvQqtWtU6r9Zt6uXGZx1EEB+AQGMACZ6ABrkET2ACDR/AMXsGb9qS9aO/ax6y1oOUz++CPtM8fKTaY7Q==</latexit>

⇧2(SU(2)/U(1)) = ⇧1(U(1)) = Z

<latexit sha1_base64="+4Uzuo+MitQIkmDSRuvbg1ytjCM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREi7oRim66rGAf2IQwmU7aoZNJmJkINRR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8ePGZXKsr6NwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek449uMr/zQISkEb9T45i4IRpwGlCMlJY888BpUs+uNE6unBCpoe/De+/MM8tW1ZoCLhI7J2WQo+mZX04/wklIuMIMSdmzrVi5KRKKYkYmJSeRJEZ4hAakpylHIZFuOk0/gcda6cMgEvpxBafq740UhVKOQ19PZhHlvJeJ/3m9RAWXbkp5nCjC8exQkDCoIphVAftUEKzYWBOEBdVZIR4igbDShZV0Cfb8lxdJ+7Rqn1drt7Vy/TqvowgOwRGoABtcgDpogCZoAQwewTN4BW/Gk/FivBsfs9GCke/sgz8wPn8AOPWTzQ==</latexit>

⇧1(H) = Z3

<latexit sha1_base64="R4Zd/44p2GJLlxikM1Fr+m+IQ68=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VoNyGxRd0IRTcuK5q22IQwmUzasZMHMxOhhH6AG3/FjQtF3PoB7vwbJ20X2npg4HDOucy9x0sYFdIwvrXC0vLK6lpxvbSxubW9U97da4s45ZhYOGYx73pIEEYjYkkqGekmnKDQY6TjDS9zv/NAuKBxdCtHCXFC1I9oQDGSSnLLFbtFXbN6Y1XrNTezeQiRf6+Pa+d2iOTA8+CdW1cpQzcmgIvEnJEKmKHllr9sP8ZpSCKJGRKiZxqJdDLEJcWMjEt2KkiC8BD1SU/RCIVEONnkmDE8UooPg5irF0k4UX9PZCgUYhR6KpmvKOa9XPzP66UyOHMyGiWpJBGefhSkDMoY5s1An3KCJRspgjCnaleIB4gjLFV/JVWCOX/yImkf6+aJ3rhuVJoXszqK4AAcgiowwSlogivQAhbA4BE8g1fwpj1pL9q79jGNFrTZzD74A+3zB2gDmVY=</latexit>

⇧1(SU(3)adj.) = Z3

• From the “long exact sequence”: 

• it follows that: 

• Then for monopoles we ask what group has: 

• Indeed:

<latexit sha1_base64="+w7pHlU2LZAmgLJ3I4orz1lZnxM=">AAACGHicbZBNa8IwGMdT9+bcW7cddymTgV60Fdl2EWQ76NHBfAFbShpTDaZpSdKBFD/GLvsqu+ywMXb1tm+zqB043R8Cv/yf5yF5/l5EiZCm+a1ltrZ3dvey+7mDw6PjE/30rCPCmCPcRiENec+DAlPCcFsSSXEv4hgGHsVdb3w/r3efMBckZI9yEmEngENGfIKgVJarl82a3SJupdAo2jJMsdz8vViFFWwUa6ar582SuZCxCVYKeZCq5eozexCiOMBMIgqF6FtmJJ0EckkQxdOcHQscQTSGQ9xXyGCAhZMsFpsaV8oZGH7I1WHSWLirEwkMhJgEnuoMoByJ9drc/K/Wj6V/6ySERbHEDC0f8mNqyNCYp2QMCMdI0okCiDhRfzXQCHKIpMoyp0Kw1lfehE6lZF2Xqg/VfP0ujSMLLsAlKAAL3IA6aIIWaAMEnsEreAcf2ov2pn1qX8vWjJbOnIM/0mY/4Aucjw==</latexit>

0 = ⇧2(G) ! ⇧2(G/H) ! ⇧1(H) ! ⇧1(G) = 0
<latexit sha1_base64="MwwqC0rG6bCMHMS9ZiJ7Yy1GwEA=">AAACK3icbVDLSsNAFJ34rPUVdekmWIR0U5NS1E2h1I3LiqYtNCFMptN26GQSZiZCCf0fN/6KC134wK3/4bQN0ocXBs495x7u3BPElAhpWZ/a2vrG5tZ2bie/u7d/cKgfHTdFlHCEHRTRiLcDKDAlDDuSSIrbMccwDChuBcObid56xFyQiD3IUYy9EPYZ6REEpaJ8vW5V3Qbxy+a9Y5aLRVdGc+2FY9p/nG0udpmjavl6wSpZ0zJWgZ2BAsiq4euvbjdCSYiZRBQK0bGtWHop5JIgisd5NxE4hmgI+7ijIIMhFl46vXVsnCuma/Qirh6TxpSdd6QwFGIUBmoyhHIglrUJ+Z/WSWTv2ksJixOJGZot6iXUkJExCc7oEo6RpCMFIOJE/dVAA8ghkirevArBXj55FTTLJfuyVLmrFGr1LI4cOAVnwAQ2uAI1cAsawAEIPIEX8A4+tGftTfvSvmeja1rmOQELpf38ArFWoT8=</latexit>

0 = ⇧2(SU(2)) ! ⇧2(SU(2)/U(1)) ! ⇧1(U(1)) ! ⇧1((SU(2)) = 0

<latexit sha1_base64="2AnHqo0xTdqY6JBPcXJNe8ooMOQ=">AAACEHicbZC7TsMwFIadcivlFmBksagQ6VKSqgIWpAoWxiJIW9FGkeM6rVXnIttBqqI+AguvwsIAQqyMbLwNTpsBWn7J0qf/nCOf83sxo0Ka5rdWWFpeWV0rrpc2Nre2d/TdvZaIEo6JjSMW8Y6HBGE0JLakkpFOzAkKPEba3ugqq7cfCBc0Cu/kOCZOgAYh9SlGUlmuftxrUrdm3NpGrXJiG1alcpE5lpFzgOTQ8+C9q5fNqjkVXAQrhzLI1XT1r14/wklAQokZEqJrmbF0UsQlxYxMSr1EkBjhERqQrsIQBUQ46fSgCTxSTh/6EVcvlHDq/p5IUSDEOPBUZ7agmK9l5n+1biL9cyelYZxIEuLZR37CoIxglg7sU06wZGMFCHOqdoV4iDjCUmVYUiFY8ycvQqtWtU6r9Zt6uXGZx1EEB+AQGMACZ6ABrkET2ACDR/AMXsGb9qS9aO/ax6y1oOUz++CPtM8fKTaY7Q==</latexit>

⇧2(SU(2)/U(1)) = ⇧1(U(1)) = Z

<latexit sha1_base64="+4Uzuo+MitQIkmDSRuvbg1ytjCM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREi7oRim66rGAf2IQwmU7aoZNJmJkINRR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8ePGZXKsr6NwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek449uMr/zQISkEb9T45i4IRpwGlCMlJY888BpUs+uNE6unBCpoe/De+/MM8tW1ZoCLhI7J2WQo+mZX04/wklIuMIMSdmzrVi5KRKKYkYmJSeRJEZ4hAakpylHIZFuOk0/gcda6cMgEvpxBafq740UhVKOQ19PZhHlvJeJ/3m9RAWXbkp5nCjC8exQkDCoIphVAftUEKzYWBOEBdVZIR4igbDShZV0Cfb8lxdJ+7Rqn1drt7Vy/TqvowgOwRGoABtcgDpogCZoAQwewTN4BW/Gk/FivBsfs9GCke/sgz8wPn8AOPWTzQ==</latexit>

⇧1(H) = Z3

<latexit sha1_base64="R4Zd/44p2GJLlxikM1Fr+m+IQ68=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VoNyGxRd0IRTcuK5q22IQwmUzasZMHMxOhhH6AG3/FjQtF3PoB7vwbJ20X2npg4HDOucy9x0sYFdIwvrXC0vLK6lpxvbSxubW9U97da4s45ZhYOGYx73pIEEYjYkkqGekmnKDQY6TjDS9zv/NAuKBxdCtHCXFC1I9oQDGSSnLLFbtFXbN6Y1XrNTezeQiRf6+Pa+d2iOTA8+CdW1cpQzcmgIvEnJEKmKHllr9sP8ZpSCKJGRKiZxqJdDLEJcWMjEt2KkiC8BD1SU/RCIVEONnkmDE8UooPg5irF0k4UX9PZCgUYhR6KpmvKOa9XPzP66UyOHMyGiWpJBGefhSkDMoY5s1An3KCJRspgjCnaleIB4gjLFV/JVWCOX/yImkf6+aJ3rhuVJoXszqK4AAcgiowwSlogivQAhbA4BE8g1fwpj1pL9q79jGNFrTZzD74A+3zB2gDmVY=</latexit>

⇧1(SU(3)adj.) = Z3

<latexit sha1_base64="vonnHlrooC+HAbPhbHMImBjoEeU=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARWoQ6U6W6LLpolxXsBTrDkEnTNjQzGZKMUIY+hBtfxY0LRdy6cOfbmLYj1OoPgS//OYfk/H7EqFSW9WVkVlbX1jeym7mt7Z3dPXP/oCV5LDBpYs646PhIEkZD0lRUMdKJBEGBz0jbH91M6+17IiTl4Z0aR8QN0CCkfYqR0pZnnjoN6p0XakVH8RTP6j+XcmEBa0XPzFslayb4F+wU8iBVwzM/nR7HcUBChRmSsmtbkXITJBTFjExyTixJhPAIDUhXY4gCIt1kttQEnminB/tc6BMqOHMXJxIUSDkOfN0ZIDWUy7Wp+V+tG6v+lZvQMIoVCfH8oX7MoOJwmhDsUUGwYmMNCAuq/wrxEAmElc4xp0Owl1f+C61yya6UKrcX+ep1GkcWHIFjUAA2uARVUAcN0AQYPIAn8AJejUfj2Xgz3uetGSOdOQS/ZHx8A9k3m5M=</latexit>

⇧3(G) ! ⇧3(G/H) ! ⇧2(H) ! ⇧2(G)



• Usually,  

• But the exact sequence extended to the left gives: 

• and 
• so we get  

• The arrows are group homomorphisms.  With a little 
thought, you should be able to convince yourself that 
the only group homomorphisms from the integers to 
the integers simply correspond to multiplication by a 
fixed integer, called the Dynkin index.

<latexit sha1_base64="t3UAN/36fkkAIUmmNK/hhTy8tyE=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpJliEdlOSItVNoejCLivYC7QhTKbTduhkEmYmQgj1Vdy4UMStD+LOt3HaZqGtPwx8/OcczpnfjxiVyra/jY3Nre2d3dxefv/g8OjYPDntyDAWmLRxyELR85EkjHLSVlQx0osEQYHPSNef3s7r3UciJA35g0oi4gZozOmIYqS05ZmFQYt61dJdub6EZrlue2bRrtgLWevgZFCETC3P/BoMQxwHhCvMkJR9x46UmyKhKGZklh/EkkQIT9GY9DVyFBDppovjZ9aFdobWKBT6cWUt3N8TKQqkTAJfdwZITeRqbW7+V+vHanTtppRHsSIcLxeNYmap0JonYQ2pIFixRAPCgupbLTxBAmGl88rrEJzVL69Dp1pxapXa/WWxcZPFkYMzOIcSOHAFDWhCC9qAIYFneIU348l4Md6Nj2XrhpHNFOCPjM8fRxOSmw==</latexit>

⇧2(G) = ⇧2(H) = 0

<latexit sha1_base64="VjpkY5+nl/lP7lfXBCobrUerjDY=">AAACH3icbZDLSsNAFIYn9VbrLerSzWAR2k1NqlSXRRftsoK9QBPCZDpph04mYWYilNA3ceOruHGhiLjr2zi9ILX1h4GP/5zDmfP7MaNSWdbEyGxsbm3vZHdze/sHh0fm8UlLRonApIkjFomOjyRhlJOmooqRTiwICn1G2v7wflpvPxEhacQf1Sgmboj6nAYUI6Utz6w4DepdFepFR0VzrC3h5a9fLixhreiZeatkzQTXwV5AHizU8MxvpxfhJCRcYYak7NpWrNwUCUUxI+Ock0gSIzxEfdLVyFFIpJvO7hvDC+30YBAJ/biCM3d5IkWhlKPQ150hUgO5Wpua/9W6iQpu3ZTyOFGE4/miIGFQRXAaFuxRQbBiIw0IC6r/CvEACYSVjjSnQ7BXT16HVrlkV0qVh+t89W4RRxacgXNQADa4AVVQBw3QBBg8g1fwDj6MF+PN+DS+5q0ZYzFzCv7ImPwAaLWfgA==</latexit>

⇧3(H) ! ⇧3(G) ! ⇧3(G/H) ! ⇧2(H) ! ⇧2(G)
<latexit sha1_base64="PgQRlgahII8tLBTMAbjenjBGJj0=">AAACBHicbZC7SgNBFIbPeo3xtmqZZjAIsQm7KtFGCFqYMoK5YLIss5PZZMjshZlZISwpbHwVGwtFbH0IO9/G2SSFJv4w8PGfc5hzfi/mTCrL+jaWlldW19ZzG/nNre2dXXNvvymjRBDaIBGPRNvDknIW0oZiitN2LCgOPE5b3vA6q7ceqJAsCu/UKKZOgPsh8xnBSluuWejWmXtaqh1fTuFGQ4DVwPPQvWsWrbI1EVoEewZFmKnuml/dXkSSgIaKcCxlx7Zi5aRYKEY4Hee7iaQxJkPcpx2NIQ6odNLJEWN0pJ0e8iOhX6jQxP09keJAylHg6c5sQTlfy8z/ap1E+RdOysI4UTQk04/8hCMVoSwR1GOCEsVHGjARTO+KyAALTJTOLa9DsOdPXoTmSdmulCu3Z8Xq1SyOHBTgEEpgwzlUoQZ1aACBR3iGV3gznowX4934mLYuGbOZA/gj4/MHVCiWAQ==</latexit>

⇧3(H) = ⇧3(G) = Z

<latexit sha1_base64="Zdu0zjSTShfAUawdadK33fe6gCo=">AAACF3icbVC7TsMwFHV4lvIKMLJYVEhlCQmgwljBQMci0Ydooshxndaq85DtIFVR/4KFX2FhACFW2PgbnDQDbbmSrXPPvVf3nuPFjAppmj/a0vLK6tp6aaO8ubW9s6vv7bdFlHBMWjhiEe96SBBGQ9KSVDLSjTlBgcdIxxvdZPXOI+GCRuG9HMfECdAgpD7FSCrK1Q07QHLoefDBlhGcTZrUPa/enjZOsszMP1evmIaZB1wEVgEqoIimq3/b/QgnAQklZkiInmXG0kkRlxQzMinbiSAxwiM0ID0FQxQQ4aS5rgk8Vkwf+hFXL5QwZ/9OpCgQYhx4qjM7XMzXMvK/Wi+R/pWT0jBOJAnxdJGfMKgkZibBPuUESzZWAGFO1a0QDxFHWCory8oEa17yImifGVbNqN1dVOrXhR0lcAiOQBVY4BLUQQM0QQtg8ARewBt41561V+1D+5y2LmnFzAGYCe3rF4GnnZw=</latexit>

Z ! Z ! ⇧3(G/H) ! 0 ! 0



• But then we have the following, the first 
homomorphism corresponds to multiplication 
by a fixed integer 

• all integers of the form       are mapped to the 
identity by the next map as the image of the 
previous map is the kernel of the next map 

• then where do                                    etc get 
mapped. 

• it becomes clear that the homotopy group   

• There is no other possibility and therefore      
Skyrmions exist!                          

<latexit sha1_base64="MeVe00/0c6YGbDnbinzAefhh3JI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmldlr1Ku1K9L1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANSTjPk=</latexit>

j
<latexit sha1_base64="lUps8CWoT/4On3wUi2tR5DKW6hE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGi/YA2lM12067dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpXpHHXqnsVtwZyDLxclKGHPVe6avbj1kacYVMUmM6npugn1GNgkk+KXZTwxPKRnTAO5YqGnHjZ7NTJ+TUKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOkUbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAIMBPMMrvDnSeXHenY9564qTzxzBHzifP/agjZs=</latexit>

nj

<latexit sha1_base64="UJ7jM9MCV1yLinkt6OQsHlbq7uQ=">AAACAnicbZBNS8MwGMfT+TbnW9WTeAkOQXCMdsj0OPTicYJ7ga2MNE23uDStSSqMMrz4Vbx4UMSrn8Kb38a060E3/xD45f88D8nzdyNGpbKsb6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkoui6ShFFOWooqRrqRIChwGem446u03nkgQtKQ36pJRJwADTn1KUZKWwPzgMO7U7vSv4+RB1OuwQrMbgOzbFWtTHAR7BzKIFdzYH71vRDHAeEKMyRlz7Yi5SRIKIoZmZb6sSQRwmM0JD2NHAVEOkm2whQea8eDfij04Qpm7u+JBAVSTgJXdwZIjeR8LTX/q/Vi5V84CeVRrAjHs4f8mEEVwjQP6FFBsGITDQgLqv8K8QgJhJVOraRDsOdXXoR2rWrXq/Wbs3LjMo+jCA7BETgBNjgHDXANmqAFMHgEz+AVvBlPxovxbnzMWgtGPrMP/sj4/AHAy5Uf</latexit>

nj + 1, nj + 2,

<latexit sha1_base64="R8TNgd8Omwv5i48lSb55mcEXL8Q=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYmKtWNUHRhlxXsA5sQJtNpO3YyCTMTocQu/BU3LhRx62+482+ctFlo9cDA4Zx7uWeOHzEqlWV9Gbm5+YXFpfxyYWV1bX3D3NxqyjAWmDRwyELR9pEkjHLSUFQx0o4EQYHPSMsfXqZ+654ISUN+o0YRcQPU57RHMVJa8swdp06949LVYe3g3AmQGvg+vPXuPLNola0J4F9iZ6QIMtQ989PphjgOCFeYISk7thUpN0FCUczIuODEkkQID1GfdDTlKCDSTSb5x3BfK13YC4V+XMGJ+nMjQYGUo8DXk2lEOeul4n9eJ1a9MzehPIoV4Xh6qBczqEKYlgG7VBCs2EgThAXVWSEeIIGw0pUVdAn27Jf/kuZR2a6UK9cnxepFVkce7II9UAI2OAVVUAN10AAYPIAn8AJejUfj2Xgz3qejOSPb2Qa/YHx8A5evlJI=</latexit>

⇧3(G/H) = Zj
<latexit sha1_base64="GGK9hi+DFmf80BDTEHH92l4f9tg=">AAAB8nicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPnA6lEyaaWMzyZDcEcrQz3DjQhG3fo07/8ZMOwttPRA4nHMvOfeEieAGXPfbWVldW9/YLG2Vt3d29/YrB4dto1JNWYsqoXQ3JIYJLlkLOAjWTTQjcShYJxzf5H7niWnDlbyHScKCmAwljzglYCW/FxMYhSF+6D/2K1W35s6Al4lXkCoq0OxXvnoDRdOYSaCCGON7bgJBRjRwKti03EsNSwgdkyHzLZUkZibIZpGn+NQqAxwpbZ8EPFN/b2QkNmYSh3Yyj2gWvVz8z/NTiK6CjMskBSbp/KMoFRgUzu/HA64ZBTGxhFDNbVZMR0QTCralsi3BWzx5mbTPa169Vr+7qDauizpK6BidoDPkoUvUQLeoiVqIIoWe0St6c8B5cd6dj/noilPsHKE/cD5/AN5AkQA=</latexit>Zj



Constructing Fractional Skyrmions

• We consider the following possibility for        
• Skyrmions.  We take 

• and   
• The point is that                   has                    

generators so the adjoint representation fits 
nicely into the orthogonal group.   

• But note                                    which we 
will use later. 

<latexit sha1_base64="lGibJdn254BH0MXTnqDzI/sSE6s=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN66kgn3gdCiZNNOGZpIhyQhl6Ge4caGIW7/GnX9jpp2FVg8EDufcS849YcKZNq775ZRWVtfWN8qbla3tnd296v5BR8tUEdomkkvVC7GmnAnaNsxw2ksUxXHIaTecXOd+95EqzaS4N9OEBjEeCRYxgo2V/H6MzTgM0cPgdlCtuXV3DvSXeAWpQYHWoPrZH0qSxlQYwrHWvucmJsiwMoxwOqv0U00TTCZ4RH1LBY6pDrJ55Bk6scoQRVLZJwyaqz83MhxrPY1DO5lH1MteLv7n+amJLoOMiSQ1VJDFR1HKkZEovx8NmaLE8KklmChmsyIyxgoTY1uq2BK85ZP/ks5Z3WvUG3fnteZVUUcZjuAYTsGDC2jCDbSgDQQkPMELvDrGeXbenPfFaMkpdg7hF5yPb7PQkOQ=</latexit>ZN

<latexit sha1_base64="jDtgC9IAw00IsfaFo0Pfh5tEi3A=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHBg2SXGPRiQvSgJ8UojwRWMjsMMGF2dp2ZJSEbvsOLB43x6sd4828cYA+KVtJJpao73V1eyJnStv1lpRYWl5ZX0quZtfWNza3s9k5NBZEktEoCHsiGhxXlTNCqZprTRigp9j1O697gYuLXh1QqFoh7PQqp6+OeYF1GsDaSe3l2d5O/fiiiI+QctrM5u2BPgf4SJyE5SFBpZz9bnYBEPhWacKxU07FD7cZYakY4HWdakaIhJgPco01DBfapcuPp0WN0YJQO6gbSlNBoqv6ciLGv1Mj3TKePdV/NexPxP68Z6e6pGzMRRpoKMlvUjTjSAZokgDpMUqL5yBBMJDO3ItLHEhNtcsqYEJz5l/+SWrHglAql2+Nc+TyJIw17sA95cOAEynAFFagCgUd4ghd4tYbWs/Vmvc9aU1Yyswu/YH18A3vFj/o=</latexit>

G = SO(N2 � 1)

<latexit sha1_base64="NaugRIx6KQGwJvwJvUQspN2k5T4=">AAACFXicbVDLSgMxFM3UV62vUZdugkWoIHVGpLoRim66KhWdttgpJZNJ29jMwyRTKEN/wo2/4saFIm4Fd/6NmXYW2nogcHLOvdx7jxMyKqRhfGuZhcWl5ZXsam5tfWNzS9/eqYsg4phYOGABbzpIEEZ9YkkqGWmGnCDPYaThDK4SvzEkXNDAv5WjkLQ91PNpl2IkldTRjyoXN1ahetiJkXtfHE8/x7aHZN9x4F2napOHiA5hbVKk542iMQGcJ2ZK8iBFraN/2W6AI4/4EjMkRMs0QtmOEZcUMzLO2ZEgIcID1CMtRX3kEdGOJ1eN4YFSXNgNuHq+hBP1d0eMPCFGnqMqk3XFrJeI/3mtSHbP2zH1w0gSH08HdSMGZQCTiKBLOcGSjRRBmFO1K8R9xBGWKsicCsGcPXme1E+KZqlYuj7Nly/TOLJgD+yDAjDBGSiDCqgBC2DwCJ7BK3jTnrQX7V37mJZmtLRnF/yB9vkDYrWcfA==</latexit>

H = SU(N)adj. = SU(N)/ZN ⌘ PU(N)

<latexit sha1_base64="GImA4n2rMp5dBeLfQ+rU+v3uC5U=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqR6LXjxJRbcttEvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Gbqt56o0kyKRzNOaBDjgWARI9hYyX/wK3dnvVLZrbozoGXi5aQMORq90le3L0kaU2EIx1p3PDcxQYaVYYTTSbGbappgMsID2rFU4JjqIJsdO0GnVumjSCpbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vE5qoqsgYyJJDRVkvihKOTISTT9HfaYoMXxsCSaK2VsRGWKFibH5FG0I3uLLy6R5XvVq1dr9Rbl+ncdRgGM4gQp4cAl1uIUG+ECAwTO8wpsjnBfn3fmYt644+cwR/IHz+QO6Ko3+</latexit>

SU(N)
<latexit sha1_base64="z62cgxcevsmixzcPJsBGa/sjbv4=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4sewWqR6LXjxJBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6387K6tr6xmZhq7i9s7u3Xzo4bGqZKkJ9IrlU7RBrypmgvmGG03aiKI5DTlvh6Gbqt56o0kyKBzNOaBDjgWARI9hYyb97rJ57vVLZrbgzoGXi5aQMORq90le3L0kaU2EIx1p3PDcxQYaVYYTTSbGbappgMsID2rFU4JjqIJsdO0GnVumjSCpbwqCZ+nsiw7HW4zi0nTE2Q73oTcX/vE5qoqsgYyJJDRVkvihKOTISTT9HfaYoMXxsCSaK2VsRGWKFibH5FG0I3uLLy6RZrXi1Su3+oly/zuMowDGcwBl4cAl1uIUG+ECAwTO8wpsjnBfn3fmYt644+cwR/IHz+QOpeI3z</latexit>

N2 � 1

<latexit sha1_base64="+ZT7KecotUM4fkeyBoCCYFRmg74=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR2k1JRKoboejGlUQwbbEJYTKdtEMnD2YmQold+CtuXCji1t9w5984abPQ1gMDh3Pu5Z45fsKokIbxrZWWlldW18rrlY3Nre0dfXevLeKUY2LjmMW86yNBGI2ILalkpJtwgkKfkY4/usr9zgPhgsbRnRwnxA3RIKIBxUgqydMPHIt6Zs2yazf1+oUTIjn0fXjv6VWjYUwBF4lZkCooYHn6l9OPcRqSSGKGhOiZRiLdDHFJMSOTipMKkiA8QgPSUzRCIRFuNs0/gcdK6cMg5upFEk7V3xsZCoUYh76azAOKeS8X//N6qQzO3YxGSSpJhGeHgpRBGcO8DNinnGDJxoogzKnKCvEQcYSlqqyiSjDnv7xI2icNs9lo3p5WW5dFHWVwCI5ADZjgDLTANbCADTB4BM/gFbxpT9qL9q59zEZLWrGzD/5A+/wBLayUTQ==</latexit>

⇧1(PU(N)) = Z



Indirect construction of       Skyrmions

• It is easy to construct an                 
Skyrmion.  This corresponds to a non trivial 
smooth map  

• Then take the vector representation                 
and  compute  

• One finds  
• Changing 
• One gets  

<latexit sha1_base64="q6K3t8W0MTEguTKLe0Ius0gzhhY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMq1WXRjcsK9oHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJoIbcN0vp7Syura+Ud6sbG3v7O5V9w86RqWasjZVQuleSAwTXLI2cBCsl2hG4lCwbji5yf3uI9OGK3kP04QFMRlJHnFKwEp+PyYwDkP8MDgfVGtu3Z0D/yVeQWqoQGtQ/ewPFU1jJoEKYozvuQkEGdHAqWCzSj81LCF0QkbMt1SSmJkgm0ee4ROrDHGktH0S8Fz9uZGR2JhpHNrJPKJZ9nLxP89PIboKMi6TFJiki4+iVGBQOL8fD7lmFMTUEkI1t1kxHRNNKNiWKrYEb/nkv6RzVvca9cbdRa15XdRRRkfoGJ0iD12iJrpFLdRGFCn0hF7QqwPOs/PmvC9GS06xc4h+wfn4BorkkMk=</latexit>Z3

<latexit sha1_base64="AGfaxPYDKFUDeDGAdG89KnRbzZI=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1BjkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1W3Vq3dX5Yb13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+Pko3i</latexit>

SO(8)

<latexit sha1_base64="Qs/fjwYGshd10AvF3pyNnuw5SWQ=">AAACEXicbVDLTgIxFO3gC/E16tJNIzGBhJAZNciS6Mad+OCRMEg6pUBDpzNp75gQwi+48VfcuNAYt+7c+TeWx0LBkzQ5Oefe9J7jR4JrcJxvK7G0vLK6llxPbWxube/Yu3tVHcaKsgoNRajqPtFMcMkqwEGweqQYCXzBan7/YuzXHpjSPJR3MIhYMyBdyTucEjBSy854AYGe7+Ob+xMPQtzNqJwHPQYk50U9nvW4xLdXmWK2ZaedvDMBXiTujKTRDOWW/eW1QxoHTAIVROuG60TQHBIFnAo2SnmxZhGhfdJlDUMlCZhuDieJRvjIKG3cCZV5EvBE/b0xJIHWg8A3k+P79bw3Fv/zGjF0is0hl1EMTNLpR51YYBN9XA9uc8UoiIEhhCpubsW0RxShYEpMmRLc+ciLpHqcdwv5wvVpunQ+qyOJDtAhyiAXnaESukRlVEEUPaJn9IrerCfrxXq3PqajCWu2s4/+wPr8AXFxm4E=</latexit>

R3 ! g(r, ✓,�) 2 SO(8)
<latexit sha1_base64="SFQPH7H5/9Ci/u6hRDJIMyrvUm8=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFiEFkpJRKrHohePFWwrNKVstptm6WYTdidCCb148a948aCIV/+DN/+N24+Dtj4YeLw3w8w8PxFcg+N8W7mV1bX1jfxmYWt7Z3fP3j9o6ThVlDVpLGJ17xPNBJesCRwEu08UI5EvWNsfXk/89gNTmsfyDkYJ60ZkIHnAKQEj9ezjzKNE4Oa41yoNSqriQciAVLwk5OVyzy46VWcKvEzcOSmiORo9+8vrxzSNmAQqiNYd10mgmxEFnAo2LnipZgmhQzJgHUMliZjuZtMvxvjUKH0cxMqUBDxVf09kJNJ6FPmmMyIQ6kVvIv7ndVIILrsZl0kKTNLZoiAVGGI8iQT3uWIUxMgQQhU3t2IaEkUomOAKJgR38eVl0jqrurVq7fa8WL+ax5FHR+gElZCLLlAd3aAGaiKKHtEzekVv1pP1Yr1bH7PWnDWfOUR/YH3+AJiXl14=</latexit>

UV (g(r, ✓,�))

<latexit sha1_base64="F2YErO1q76ZIkUSUbvWckDXuG3g="></latexit>

I =
1

24⇡2

Z
d3x✏ijkTr

�
U†@iUU†@jUU†@kU

�

<latexit sha1_base64="ZO8MlDHSgFFSCv0QXw3EO4sPewk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBhZSkSHUjFN3oplSwD2xCmUym7dDJJM5MhBK6dOOvuHGhiFs/wZ1/46TNQlsPXDiccy/33uNFjEplWd9GbmFxaXklv1pYW9/Y3DK3d5oyjAUmDRyyULQ9JAmjnDQUVYy0I0FQ4DHS8oaXqd96IELSkN+qUUTcAPU57VGMlJa65n7iYMTg9fi8XDt27mPkw5pDuRMgNfA8eNc1i1bJmgDOEzsjRZCh3jW/HD/EcUC4wgxJ2bGtSLkJEopiRsYFJ5YkQniI+qSjKUcBkW4yeWQMD7Xiw14odHEFJ+rviQQFUo4CT3emB8pZLxX/8zqx6p25CeVRrAjH00W9mEEVwjQV6FNBsGIjTRAWVN8K8QAJhJXOrqBDsGdfnifNcsmulCo3J8XqRRZHHuyBA3AEbHAKquAK1EEDYPAInsEreDOejBfj3fiYtuaMbGYX/IHx+QPzaJiu</latexit>I = 2N, N 2 Z
<latexit sha1_base64="nnztuC++vzzdzLN+wOhABcmQwIw=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVSklEqsuiG5cV7AOaUCaTSTN08mDmRiihP+HGX3HjQhG3gjv/xmmbhbYeGDiccy93zvFSwRVY1rexsrq2vrFZ2ipv7+zu7ZsHhx2VZJKyNk1EInseUUzwmLWBg2C9VDISeYJ1vdHN1O8+MKl4Et/DOGVuRIYxDzgloKWBWRtWZc2BkAGpOWnIzxxI8BA71E8AhwvewKxYdWsGvEzsglRQgdbA/HL8hGYRi4EKolTftlJwcyKBU8EmZSdTLCV0RIasr2lMIqbcfJZqgk+14uMgkfrFgGfq742cREqNI09PRgRCtehNxf+8fgbBlZvzOM2AxXR+KMgE1smnFWGfS0ZBjDUhVHL9V0xDIgkFXWRZl2AvRl4mnfO63ag37i4qzeuijhI6Rieoimx0iZroFrVQG1H0iJ7RK3oznowX4934mI+uGMXOEfoD4/MHNEudnQ==</latexit>

g(r, ✓,�) ! g · h(r, ✓,�)
<latexit sha1_base64="z5CHDoCaVjMv5el1f+E06ifTCL8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0URlJIUqS6LbnRRqWAf2IQymU7boZNJmJkIJfQP3Pgrblwo4tatO//GSZqFtp5h4HDOvdx7jxcyKpVlfRu5hcWl5ZX8amFtfWNzy9zeacogEpg0cMAC0faQJIxy0lBUMdIOBUG+x0jLG10mfuuBCEkDfqfGIXF9NOC0TzFSWuqah7GDEYPXE0cFsHxzXKmdOOmDNYdyx0dq6HnwvmsWrZKVAs4TOyNFkKHeNb+cXoAjn3CFGZKyY1uhcmMkFMWMTApOJEmI8AgNSEdTjnwi3Ti9ZwIPtNKD/UDozxVM1d8dMfKlHPuerkwWlLNeIv7ndSLVP3djysNIEY6ng/oRg/r2JBzYo4JgxcaaICyo3hXiIRIIKx1hQYdgz548T5rlkl0pVW5Pi9WLLI482AP74AjY4AxUwRWogwbA4BE8g1fwZjwZL8a78TEtzRlZzy74A+PzB05rmlQ=</latexit>I ! 2N + 6M, M 2 Z



Hints from magnetic monopoles
• It is known how to make Skyrmions from 

magnetic monopoles (sort of !). 
• It is also known how to make         monopoles.  
• Monopoles exist because of a slightly different 

topological analysis.  They form in the 
spontaneous breaking of a group: 

• Their topological stability is due to the homotopy 
group: 

• The ‘Hooft-Polyakov monopole corresponds to  

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3

<latexit sha1_base64="WsdYLG5ct9HDhXWYF2xqcLniZOM=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFF3ZZwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaWehrQcCh3PuJfecIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCorWWiCG0RyaXqBlhTzgRtGWY47caK4ijgtBNMbjO/80SVZlI8mGlM/QiPBAsZwcZK7bu+kagxKFfcqjsHWiVeTiqQozkof/WHkiQRFYZwrHXPc2Pjp1gZRjidlfqJpjEmEzyiPUsFjqj20/m1M3RmlSEKpbJPGDRXf2+kONJ6GgV2MsJmrJe9TPzP6yUmvPZTJuLEUEEWH4UJRzZiFh0NmaLE8KklmChmb0VkjBUmxhZUsiV4y5FXSfui6l1Wa/e1Sv0mr6MIJ3AK5+DBFdShAU1oAYFHeIZXeHOk8+K8Ox+L0YKT7xzDHzifP93hjq0=</latexit>

G ! H

<latexit sha1_base64="66nHThVI8VYTUhUH1LHK3upQqso=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBahXmpSinoserDHCvYD21A22027dLMJuxuhhP4LLx4U8eq/8ea/cdPmoK0PBh7vzTAzz4s4U9q2v63c2vrG5lZ+u7Czu7d/UDw8aqswloS2SMhD2fWwopwJ2tJMc9qNJMWBx2nHm9ymfueJSsVC8aCnEXUDPBLMZwRrIz32m2xQLd9dNM4HxZJdsedAq8TJSAkyNAfFr/4wJHFAhSYcK9Vz7Ei7CZaaEU5nhX6saITJBI9oz1CBA6rcZH7xDJ0ZZYj8UJoSGs3V3xMJDpSaBp7pDLAeq2UvFf/zerH2r92EiSjWVJDFIj/mSIcofR8NmaRE86khmEhmbkVkjCUm2oRUMCE4yy+vkna14lxWave1Uv0miyMPJ3AKZXDgCurQgCa0gICAZ3iFN0tZL9a79bFozVnZzDH8gfX5A6gcj5w=</latexit>

⇧2(G/H)

<latexit sha1_base64="rf2WZOmXVsvYGZL+3TdwJiv8DA4=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmKCF9ISgl5MiB70iNECCTRku2xhw3bb7G5NSMOP8OJBY7z6e7z5b1ygBwVfMsnLezOZmefHnClt299Wbm19Y3Mrv13Y2d3bPygeHrVUlEhCXRLxSHZ8rChngrqaaU47saQ49Dlt++Obmd9+olKxSDzqSUy9EA8FCxjB2kjt26sHt1w97xdLdsWeA60SJyMlyNDsF796g4gkIRWacKxU17Fj7aVYakY4nRZ6iaIxJmM8pF1DBQ6p8tL5uVN0ZpQBCiJpSmg0V39PpDhUahL6pjPEeqSWvZn4n9dNdHDppUzEiaaCLBYFCUc6QrPf0YBJSjSfGIKJZOZWREZYYqJNQgUTgrP88ippVStOvVK7r5Ua11kceTiBUyiDAxfQgDtoggsExvAMr/BmxdaL9W59LFpzVjZzDH9gff4Ao86OeA==</latexit>

G = SU(2)
<latexit sha1_base64="NYteCkVpCOwtP/foljRwMkgKFnY=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JriHoxIXrhiIkLJLAh3dKFSrfdtF0TQvgPXjxojFf/jzf/jQX2oOBLJnl5byYz88KEM21c99vJra1vbG7ltws7u3v7B8XDo6aWqSLUJ5JL1Q6xppwJ6htmOG0niuI45LQVju5mfuuJKs2keDDjhAYxHggWMYKNlZr1G7/snfeKJbfizoFWiZeREmRo9Ipf3b4kaUyFIRxr3fHcxAQTrAwjnE4L3VTTBJMRHtCOpQLHVAeT+bVTdGaVPoqksiUMmqu/JyY41noch7Yzxmaol72Z+J/XSU10HUyYSFJDBVksilKOjESz11GfKUoMH1uCiWL2VkSGWGFibEAFG4K3/PIqaV5UvMtK9b5aqt1mceThBE6hDB5cQQ3q0AAfCDzCM7zCmyOdF+fd+Vi05pxs5hj+wPn8Af85jhs=</latexit>

H = U(1)
<latexit sha1_base64="NGFf07BNzVU7R/J5oj8jnvHZyeE=">AAACA3icbVDLTsJAFJ36RHxV3elmIjGBDbSEqBsSogtZYrBAApVMhylMmD4yMzUhDYkbf8WNC41x60+482+cQhcKnuQmJ+fcm3vvcUJGhTSMb21ldW19YzOzld3e2d3b1w8OWyKIOCYWDljAOw4ShFGfWJJKRjohJ8hzGGk74+vEbz8QLmjg38lJSGwPDX3qUoykkvr68U2pXm1a+XKhZOXNQrXnITlyXNi8L/f1nFE0ZoDLxExJDqRo9PWv3iDAkUd8iRkSomsaobRjxCXFjEyzvUiQEOExGpKuoj7yiLDj2Q9TeKaUAXQDrsqXcKb+noiRJ8TEc1RncqJY9BLxP68bSffSjqkfRpL4eL7IjRiUAUwCgQPKCZZsogjCnKpbIR4hjrBUsWVVCObiy8ukVS6a58XKbSVXu0rjyIATcArywAQXoAbqoAEsgMEjeAav4E170l60d+1j3rqipTNH4A+0zx+RhZTy</latexit>

G/H = SU(2)/U(1) = S2



• From the “short exact sequence”: 

• it follows that: 

• Then for monopoles we ask what group has: 

• Indeed:

<latexit sha1_base64="+w7pHlU2LZAmgLJ3I4orz1lZnxM=">AAACGHicbZBNa8IwGMdT9+bcW7cddymTgV60Fdl2EWQ76NHBfAFbShpTDaZpSdKBFD/GLvsqu+ywMXb1tm+zqB043R8Cv/yf5yF5/l5EiZCm+a1ltrZ3dvey+7mDw6PjE/30rCPCmCPcRiENec+DAlPCcFsSSXEv4hgGHsVdb3w/r3efMBckZI9yEmEngENGfIKgVJarl82a3SJupdAo2jJMsdz8vViFFWwUa6ar582SuZCxCVYKeZCq5eozexCiOMBMIgqF6FtmJJ0EckkQxdOcHQscQTSGQ9xXyGCAhZMsFpsaV8oZGH7I1WHSWLirEwkMhJgEnuoMoByJ9drc/K/Wj6V/6ySERbHEDC0f8mNqyNCYp2QMCMdI0okCiDhRfzXQCHKIpMoyp0Kw1lfehE6lZF2Xqg/VfP0ujSMLLsAlKAAL3IA6aIIWaAMEnsEreAcf2ov2pn1qX8vWjJbOnIM/0mY/4Aucjw==</latexit>

0 = ⇧2(G) ! ⇧2(G/H) ! ⇧1(H) ! ⇧1(G) = 0
<latexit sha1_base64="MwwqC0rG6bCMHMS9ZiJ7Yy1GwEA=">AAACK3icbVDLSsNAFJ34rPUVdekmWIR0U5NS1E2h1I3LiqYtNCFMptN26GQSZiZCCf0fN/6KC134wK3/4bQN0ocXBs495x7u3BPElAhpWZ/a2vrG5tZ2bie/u7d/cKgfHTdFlHCEHRTRiLcDKDAlDDuSSIrbMccwDChuBcObid56xFyQiD3IUYy9EPYZ6REEpaJ8vW5V3Qbxy+a9Y5aLRVdGc+2FY9p/nG0udpmjavl6wSpZ0zJWgZ2BAsiq4euvbjdCSYiZRBQK0bGtWHop5JIgisd5NxE4hmgI+7ijIIMhFl46vXVsnCuma/Qirh6TxpSdd6QwFGIUBmoyhHIglrUJ+Z/WSWTv2ksJixOJGZot6iXUkJExCc7oEo6RpCMFIOJE/dVAA8ghkirevArBXj55FTTLJfuyVLmrFGr1LI4cOAVnwAQ2uAI1cAsawAEIPIEX8A4+tGftTfvSvmeja1rmOQELpf38ArFWoT8=</latexit>

0 = ⇧2(SU(2)) ! ⇧2(SU(2)/U(1)) ! ⇧1(U(1)) ! ⇧1((SU(2)) = 0

<latexit sha1_base64="2AnHqo0xTdqY6JBPcXJNe8ooMOQ=">AAACEHicbZC7TsMwFIadcivlFmBksagQ6VKSqgIWpAoWxiJIW9FGkeM6rVXnIttBqqI+AguvwsIAQqyMbLwNTpsBWn7J0qf/nCOf83sxo0Ka5rdWWFpeWV0rrpc2Nre2d/TdvZaIEo6JjSMW8Y6HBGE0JLakkpFOzAkKPEba3ugqq7cfCBc0Cu/kOCZOgAYh9SlGUlmuftxrUrdm3NpGrXJiG1alcpE5lpFzgOTQ8+C9q5fNqjkVXAQrhzLI1XT1r14/wklAQokZEqJrmbF0UsQlxYxMSr1EkBjhERqQrsIQBUQ46fSgCTxSTh/6EVcvlHDq/p5IUSDEOPBUZ7agmK9l5n+1biL9cyelYZxIEuLZR37CoIxglg7sU06wZGMFCHOqdoV4iDjCUmVYUiFY8ycvQqtWtU6r9Zt6uXGZx1EEB+AQGMACZ6ABrkET2ACDR/AMXsGb9qS9aO/ax6y1oOUz++CPtM8fKTaY7Q==</latexit>

⇧2(SU(2)/U(1)) = ⇧1(U(1)) = Z

<latexit sha1_base64="+4Uzuo+MitQIkmDSRuvbg1ytjCM=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREi7oRim66rGAf2IQwmU7aoZNJmJkINRR/xY0LRdz6H+78GydtFtp6YOBwzr3cM8ePGZXKsr6NwtLyyupacb20sbm1vWPu7rVllAhMWjhikej6SBJGOWkpqhjpxoKg0Gek449uMr/zQISkEb9T45i4IRpwGlCMlJY888BpUs+uNE6unBCpoe/De+/MM8tW1ZoCLhI7J2WQo+mZX04/wklIuMIMSdmzrVi5KRKKYkYmJSeRJEZ4hAakpylHIZFuOk0/gcda6cMgEvpxBafq740UhVKOQ19PZhHlvJeJ/3m9RAWXbkp5nCjC8exQkDCoIphVAftUEKzYWBOEBdVZIR4igbDShZV0Cfb8lxdJ+7Rqn1drt7Vy/TqvowgOwRGoABtcgDpogCZoAQwewTN4BW/Gk/FivBsfs9GCke/sgz8wPn8AOPWTzQ==</latexit>

⇧1(H) = Z3

<latexit sha1_base64="R4Zd/44p2GJLlxikM1Fr+m+IQ68=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VoNyGxRd0IRTcuK5q22IQwmUzasZMHMxOhhH6AG3/FjQtF3PoB7vwbJ20X2npg4HDOucy9x0sYFdIwvrXC0vLK6lpxvbSxubW9U97da4s45ZhYOGYx73pIEEYjYkkqGekmnKDQY6TjDS9zv/NAuKBxdCtHCXFC1I9oQDGSSnLLFbtFXbN6Y1XrNTezeQiRf6+Pa+d2iOTA8+CdW1cpQzcmgIvEnJEKmKHllr9sP8ZpSCKJGRKiZxqJdDLEJcWMjEt2KkiC8BD1SU/RCIVEONnkmDE8UooPg5irF0k4UX9PZCgUYhR6KpmvKOa9XPzP66UyOHMyGiWpJBGefhSkDMoY5s1An3KCJRspgjCnaleIB4gjLFV/JVWCOX/yImkf6+aJ3rhuVJoXszqK4AAcgiowwSlogivQAhbA4BE8g1fwpj1pL9q79jGNFrTZzD74A+3zB2gDmVY=</latexit>

⇧1(SU(3)adj.) = Z3



•                     is 8 dimensional, it sits inside 
• Can we spontaneously break SO(8) to SU(3)? 

• Then we would look for non-trivial homotopy 
group                                        in the case of  
monopoles and                                        Skyrmions.  

• Do they exist? The answer is of course yes!  The 
construction uses some special properties of 
representations of  

• There are three, inequivalent, irreducible 8 
dimensional representations of                call them

<latexit sha1_base64="aoaPp1XOZpT+n/4d6nvhbaZK5+s=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkKiRT0WvXisaNpCG8Jms23X7m7C7qZQQv+JFw+KePWfePPfuG1z0OqDgcd7M8zMi1JGlXbdL6u0srq2vlHerGxt7+zu2fsHLZVkEhMfJyyRnQgpwqggvqaakU4qCeIRI+1odDPz22MiFU3Eg56kJOBoIGifYqSNFNr2vV87Pw3znuQQxY/ONLSrruPOAf8SryBVUKAZ2p+9OMEZJ0JjhpTqem6qgxxJTTEj00ovUyRFeIQGpGuoQJyoIJ9fPoUnRolhP5GmhIZz9edEjrhSEx6ZTo70UC17M/E/r5vp/lWQU5Fmmgi8WNTPGNQJnMUAYyoJ1mxiCMKSmlshHiKJsDZhVUwI3vLLf0nrzPEunPpdvdq4LuIogyNwDGrAA5egAW5BE/gAgzF4Ai/g1cqtZ+vNel+0lqxi5hD8gvXxDefkko8=</latexit>

SU(3)adj.
<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)

<latexit sha1_base64="rfy99tp39VQC/KsU16lUZWUrNVI=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovQbkKiRbssunFnpaYtNCFMJtN27OTBzEQoobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXP8hFEhTfNbW1peWV1bL2wUN7e2d3b1vf2WiFOOiY1jFvOOjwRhNCK2pJKRTsIJCn1G2v7wauK3HwgXNI7u5Cghboj6Ee1RjKSSPP2weVOuVRwZw6ZdPqt4mcNDiIJ7Y+zpJdMwp4CLxMpJCeRoePqXE8Q4DUkkMUNCdC0zkW6GuKSYkXHRSQVJEB6iPukqGqGQCDebRhjDE6UEsBdz9SIJp+rvjQyFQoxCX02GSA7EvDcR//O6qezV3IxGSSpJhGeHeimDKvGkDxhQTrBkI0UQ5lT9FeIB4ghL1VpRlWDNR14krVPDOjeqt9VS/TKvowCOwDEoAwtcgDq4Bg1gAwwewTN4BW/ak/aivWsfs9ElLd85AH+gff4AQk+Vcw==</latexit>

SO(8) ! SU(3)adj.

<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)

<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)
<latexit sha1_base64="hxwYlcfrBOTpr+U+ldgkLLmAyzs=">AAAB/nicbZDLSsNAFIZPvNZ6i4orN4NFcFUSKeqy6MaFiyqmLbQhTCaTdujk4sxEKKHgq7hxoYhbn8Odb+O0jaCtPwx8/OcczpnfTzmTyrK+jIXFpeWV1dJaeX1jc2vb3NltyiQThDok4Ylo+1hSzmLqKKY4baeC4sjntOUPLsf11gMVkiXxnRqm1I1wL2YhI1hpyzP3Ha/Zvc9wgBzv+gduPbNiVa2J0DzYBVSgUMMzP7tBQrKIxopwLGXHtlLl5lgoRjgdlbuZpCkmA9yjHY0xjqh088n5I3SknQCFidAvVmji/p7IcSTlMPJ1Z4RVX87WxuZ/tU6mwnM3Z3GaKRqT6aIw40glaJwFCpigRPGhBkwE07ci0scCE6UTK+sQ7Nkvz0PzpGqfVms3tUr9ooijBAdwCMdgwxnU4Qoa4ACBHJ7gBV6NR+PZeDPep60LRjGzB39kfHwDBZ2U5A==</latexit>

UV UL UR

<latexit sha1_base64="m3t6bPJexuyh6FUloHYxFQMXGsk=">AAACE3icbVC7TgJBFJ3FF+Jr1dJmIjEBC9wFojQmRBs7McgjsmQzOwwwMvvIzKwJ2fAPNv6KjYXG2NrY+TfOwhYKnuQmJ+fcm3vvcQJGhTSMby21tLyyupZez2xsbm3v6Lt7TeGHHJMG9pnP2w4ShFGPNCSVjLQDTpDrMNJyRpex33ogXFDfu5XjgHRdNPBon2IklWTrx1aN2sVc/TpXyZ/UG3ZkcRei3n1hkivl8/DccpEcOg68s0u2njUKxhRwkZgJyYIENVv/sno+Dl3iScyQEB3TCGQ3QlxSzMgkY4WCBAiP0IB0FPWQS0Q3mv40gUdK6cG+z1V5Ek7V3xMRcoUYu47qjE8U814s/ud1QtmvdCPqBaEkHp4t6ocMSh/GAcEe5QRLNlYEYU7VrRAPEUdYqhgzKgRz/uVF0iwWzNNC+aacrV4kcaTBATgEOWCCM1AFV6AGGgCDR/AMXsGb9qS9aO/ax6w1pSUz++APtM8f8lSbFw==</latexit>

⇧2(SO(8)/SUadj.(3)) = Z3
<latexit sha1_base64="CobMtBmthiQAw//yatg3WczzLgc=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0VIXdTEFu1GKLpxZ6X2gU0Jk+m0HTt5MDMRSug/uPFX3LhQxK0bd/6NkzYLrR64cDjnXu69xw0ZFdI0v7TMwuLS8kp2Nbe2vrG5pW/vNEUQcUwaOGABb7tIEEZ90pBUMtIOOUGey0jLHV0kfuuecEED/0aOQ9L10MCnfYqRVJKjH9o16pSM+pVRKRzVG05scw+i3l1xYpQKBXhme0gOXRfeOiVHz5tFcwr4l1gpyYMUNUf/tHsBjjziS8yQEB3LDGU3RlxSzMgkZ0eChAiP0IB0FPWRR0Q3nv40gQdK6cF+wFX5Ek7VnxMx8oQYe67qTE4U814i/ud1ItmvdGPqh5EkPp4t6kcMygAmAcEe5QRLNlYEYU7VrRAPEUdYqhhzKgRr/uW/pHlctE6K5etyvnqexpEFe2AfGMACp6AKLkENNAAGD+AJvIBX7VF71t6091lrRktndsEvaB/f8/2bGA==</latexit>

⇧3(SO(8)/SUadj.(3)) = Z3



Skyrmions from monopoles
• the ‘Hooft-Polyakov monopole consists of a 

hedgehog scalar field at spatial infinity: 
• This field is obtained by the action of a rotation on 

the scalar field which points in the 3 direction at the 
north pole 

• This can be written as 
• where 
• this matrix is singular at the south pole, however, it 

is completely inside the unbroken subgroup there. 
• We will exploit this artefact in our construction.

<latexit sha1_base64="A2EWdmLnEWDIoWzD1j2czdvmrFU=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqBeh6MVjBfsBTSib7aZdutmE3UkhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCARXIPjfFultfWNza3ydmVnd2//wD48aus4VZS1aCxi1Q2IZoJL1gIOgnUTxUgUCNYJxnczvzNhSvNYPkKWMD8iQ8lDTgkYqW9XvQmj2EtGHN9MsDcigFXfrjl1Zw68StyC1FCBZt/+8gYxTSMmgQqidc91EvBzooBTwaYVL9UsIXRMhqxnqCQR034+P36KT40ywGGsTEnAc/X3RE4irbMoMJ0RgZFe9mbif14vhfDaz7lMUmCSLhaFqcAQ41kSeMAVoyAyQwhV3NyK6YgoQsHkVTEhuMsvr5L2ed29rF88XNQat0UcZXSMTtAZctEVaqB71EQtRFGGntErerOerBfr3fpYtJasYqaK/sD6/AFKC5Pn</latexit>

~� = vr̂

<latexit sha1_base64="r/nJz/y5XrJ5+O5i9Pl2JqiT1hw="></latexit>

~� · ~⌧ = vU†(✓,')(ẑ · ~⌧)U(✓,')
<latexit sha1_base64="joDuFfF4Ky3AKkja4rFPUnTnNlM=">AAACIXicbZDLSgNBEEV7fMb4irp00xgEBYkzIupGCLpxqWBUyMRQ06k4TXoedNcIYcivuPFX3LhQxJ34M3aSWfi60HA5VUV13SBV0pDrfjgTk1PTM7OlufL8wuLScmVl9cokmRbYEIlK9E0ABpWMsUGSFN6kGiEKFF4HvdNh/foetZFJfEn9FFsR3MWyKwWQRe3KUWPLpxAJdvx70Gkot4/xNpdjxv0QqOC+6CTWo/AJst29QbtSdWvuSPyv8QpTZYXO25V3v5OILMKYhAJjmp6bUisHTVIoHJT9zGAKogd32LQ2hghNKx9dOOCblnR4N9H2xcRH9PtEDpEx/SiwnRFQaH7XhvC/WjOj7lErl3GaEcZivKibKU4JH8bFO1KjINW3BoSW9q9chKBBkA21bEPwfp/811zt1byD2v7FfrV+UsRRYutsg20xjx2yOjtj56zBBHtgT+yFvTqPzrPz5ryPWyecYmaN/ZDz+QUkrqQn</latexit>

U(✓,') = ei✓'̂·~⌧/2

<latexit sha1_base64="VPAG6TxiCuppTn90nptqeZXUVO4=">AAACDXicbVA9SwNBEN3zM8avqKXNYhQUJNyJqI0QtLGMYjSQC2FuM/EW9z7YnQvEkD9g41+xsVDE1t7Of+MmptDog4HHezPMzAtSJQ257qczMTk1PTObm8vPLywuLRdWVq9MkmmBVZGoRNcCMKhkjFWSpLCWaoQoUHgd3J4O/OsOaiOT+JK6KTYiuIllWwogKzULm34HBffTUPLjDr/Y9ilEgl2/A9pqO34IxO+ahaJbcofgf4k3IkU2QqVZ+PBbicgijEkoMKbuuSk1eqBJCoX9vJ8ZTEHcwg3WLY0hQtPoDb/p8y2rtHg70bZi4kP150QPImO6UWA7I6DQjHsD8T+vnlH7qNGTcZoRxuJ7UTtTnBI+iIa3pEZBqmsJCC3trVyEoEGQDTBvQ/DGX/5LrvZK3kFp/3y/WD4ZxZFj62yDbTOPHbIyO2MVVmWC3bNH9sxenAfnyXl13r5bJ5zRzBr7Bef9C8DgmsA=</latexit>

~� = vR(✓,')ẑ



• This data can be used to construct a 
Skyrmion by: 

• with the condition   

• Note that at the south pole,                is 
singular, and defines a non-trivial element 
of                                                   .

<latexit sha1_base64="4X3rXZaGFaZ2WyGcfhyERnwdNVs="></latexit>

U(r, ✓,') = U†(✓,')eiv(r)(ẑ·~⌧)U(✓,') = eiv(r)(r̂·~⌧)

<latexit sha1_base64="tT1pQCsGGmZ8h09vsxcVpPQr4nY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovQbkoiRd0Uim5cVrAPaEKZTCbt0MkkzkwKIRQ3/oobF4q49Svc+TdO2yy09cCFwzn3cu89XsyoVJb1baysrq1vbBa2its7u3v75sFhW0aJwKSFIxaJrockYZSTlqKKkW4sCAo9Rjre6Gbqd8ZESBrxe5XGxA3RgNOAYqS01DePx2WrUrechwT5cFx2KA9UWqk7Me2bJatqzQCXiZ2TEsjR7Jtfjh/hJCRcYYak7NlWrNwMCUUxI5Oik0gSIzxCA9LTlKOQSDebvTCBZ1rxYRAJXVzBmfp7IkOhlGno6c4QqaFc9Kbif14vUcGVm1EeJ4pwPF8UJAyqCE7zgD4VBCuWaoKwoPpWiIdIIKx0akUdgr348jJpn1fti2rtrlZqXOdxFMAJOAVlYINL0AC3oAlaAINH8AxewZvxZLwY78bHvHXFyGeOwB8Ynz8RxZX4</latexit>

v(0) = 0 v(1) = ⇡
<latexit sha1_base64="SzEILUVuvGj1gJb7OLg48A1YGjk=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxCBSmJFPVY9OKxgmkLTSib7bZZuvlgd1IpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM8xPBFVjWt1FYW9/Y3Cpul3Z29/YPzPJhS8WppMyhsYhlxyeKCR4xBzgI1kkkI6EvWNsf3c789phJxePoASYJ80IyjPiAUwJa6pllp+pCwICcu2Mik4Cf9cyKVbPmwKvEzkkF5Wj2zC+3H9M0ZBFQQZTq2lYCXkYkcCrYtOSmiiWEjsiQdTWNSMiUl81Pn+JTrfTxIJa6IsBz9fdERkKlJqGvO0MCgVr2ZuJ/XjeFwbWX8ShJgUV0sWiQCgwxnuWA+1wyCmKiCaGS61sxDYgkFHRaJR2CvfzyKmld1OzLWv2+Xmnc5HEU0TE6QVVkoyvUQHeoiRxE0SN6Rq/ozXgyXox342PRWjDymSP0B8bnD4Ngk4g=</latexit>

U(✓,')

<latexit sha1_base64="cYctYom7ZW3YHX85n+sxu61JYGA=">AAACB3icbZDNSsNAFIUn9a/Wv6hLQQaL0G5KIkXdCEU3XVYwbbENYTKdtEMnkzAzEUrozo2v4saFIm59BXe+jZM2C209MPBx7r3MvcePGZXKsr6Nwsrq2vpGcbO0tb2zu2fuH7RllAhMHByxSHR9JAmjnDiKKka6sSAo9Bnp+OObrN55IELSiN+pSUzcEA05DShGSlueedxvUc+uNKtXc3AqdlVziNTI9+G9Z5atmjUTXAY7hzLI1fLMr/4gwklIuMIMSdmzrVi5KRKKYkampX4iSYzwGA1JTyNHIZFuOrtjCk+1M4BBJPTjCs7c3xMpCqWchL7uzBaUi7XM/K/WS1Rw6aaUx4kiHM8/ChIGVQSzUOCACoIVm2hAWFC9K8QjJBBWOrqSDsFePHkZ2mc1+7xWv62XG9d5HEVwBE5ABdjgAjRAE7SAAzB4BM/gFbwZT8aL8W58zFsLRj5zCP7I+PwBq7CWqQ==</latexit>

⇧1(H) = ⇧1(U(1)) = Z



Skyrmion winding number
• There is a topological invariant associated to 

this configuration called the winding 
number 

• This integral is always an integer and is 
invariant under arbitrary deformations of    
that are continuous and keep the boundary 
conditions at infinity. 

• The integral is equal to 1 for the previous 
configuration.

<latexit sha1_base64="3UEJukTopHdsUnw0oxdh6rnyOOE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi94q2A9oQ5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUUdagsYhVO0DNBJesYbgRrJ0ohlEgWCsY3Uz91hNTmsfywYwT5kc4kDzkFI2V2lmXoiB3k1654lbdGcgy8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFLqppolSEc4YB1LJUZM+9ns3gk5sUqfhLGyJQ2Zqb8nMoy0HkeB7YzQDPWiNxX/8zqpCa/8jMskNUzS+aIwFcTEZPo86XPFqBFjS5Aqbm8ldIgKqbERlWwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4Ar/GPwA==</latexit>I
<latexit sha1_base64="F2YErO1q76ZIkUSUbvWckDXuG3g="></latexit>

I =
1

24⇡2

Z
d3x✏ijkTr

�
U†@iUU†@jUU†@kU

�

<latexit sha1_base64="CNnpbi7c3sJ/v9ykUD/XEpZZxAE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtZjVJLmtF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w/CLY/M</latexit>

U



Skyrmions
• We will perform the analogous manipulations to 

convert      monopoles to      Skyrmions! 
• The monopoles are constructed through an      

group element defined on the sphere at infinity: 

• The three 8 dimensional representations are special 
that they can be taken to be identical on an              
subgroup: 

• Then the product                            is actually an 
element of the coset space

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3
<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3

<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)

<latexit sha1_base64="sjyhxgEQeehSZvaX2f2M8cmpFG0=">AAACDnicbVBNS8NAEN34WetX1KOXYClUkJJIUS9C0YvHCqYtNCFstptm6eaD3UmhhP4CL/4VLx4U8erZm//GbZuDtj4YeLw3w8w8P+VMgml+ayura+sbm6Wt8vbO7t6+fnDYlkkmCLVJwhPR9bGknMXUBgacdlNBceRz2vGHt1O/M6JCsiR+gHFK3QgPYhYwgkFJnl4d1BwIKeAzZ4RFGrLTa9trL2qeXjHr5gzGMrEKUkEFWp7+5fQTkkU0BsKxlD3LTMHNsQBGOJ2UnUzSFJMhHtCeojGOqHTz2TsTo6qUvhEkQlUMxkz9PZHjSMpx5KvOCEMoF72p+J/XyyC4cnMWpxnQmMwXBRk3IDGm2Rh9JigBPlYEE8HUrQYJscAEVIJlFYK1+PIyaZ/XrYt6475Rad4UcZTQMTpBNWShS9REd6iFbETQI3pGr+hNe9JetHftY966ohUzR+gPtM8fDXubfg==</latexit>

g(✓,') = UV (✓,')

<latexit sha1_base64="O0r6dJAOnyAQLBeD0Nf00Uy6ROg=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1iEuimJFHUjFN24cFHFtIU2hMl00g6dPJiZCCV24a+4caGIW3/DnX/jtM1CWw8M93DOvdw7x084k8qyvo2FxaXlldXCWnF9Y3Nr29zZbcg4FYQ6JOaxaPlYUs4i6iimOG0lguLQ57TpD67GfvOBCsni6F4NE+qGuBexgBGstOSZ+47XKPePL5Dj3eT1TlfPLFkVawI0T+yclCBH3TO/Ot2YpCGNFOFYyrZtJcrNsFCMcDoqdlJJE0wGuEfbmkY4pNLNJveP0JFWuiiIhX6RQhP190SGQymHoa87Q6z6ctYbi/957VQF527GoiRVNCLTRUHKkYrROAzUZYISxYeaYCKYvhWRPhaYKB1ZUYdgz355njROKvZppXpbLdUu8zgKcACHUAYbzqAG11AHBwg8wjO8wpvxZLwY78bHtHXByGf24A+Mzx/8XpOF</latexit>

UV (h) = UL(h) = UR(h)
<latexit sha1_base64="0AZKSQvIVmQ4JR+kJcTpETo/tvE=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkWtRj0YvHiqYtNCFsNpt27WYTdjdCCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRekjEplWd9GaWl5ZXWtvF7Z2Nza3jF399oyyQQmDk5YIroBkoRRThxFFSPdVBAUB4x0guH1xO88EiFpwu/VKCVejPqcRhQjpSXfPBi4lMM7x89dEUMUPtTHtbMT36xadWsKuEjsglRBgZZvfrlhgrOYcIUZkrJnW6nyciQUxYyMK24mSYrwEPVJT1OOYiK9fHr+GB5rJYRRInRxBafq74kcxVKO4kB3xkgN5Lw3Ef/zepmKLr2c8jRThOPZoihjUCVwkgUMqSBYsZEmCAuqb4V4gATCSidW0SHY8y8vkvZp3T6vN24b1eZVEUcZHIIjUAM2uABNcANawAEY5OAZvII348l4Md6Nj1lryShm9sEfGJ8/Z2qUfA==</latexit>

h 2 SUadj.(3)

<latexit sha1_base64="NjbTxJhKX/ySBBZT/xDCnO+W9vg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkKiRT0WvXisaNpCG8Jms23X7m7C7qZQQv+JFw+KePWfePPfuG1z0OqDgcd7M8zMi1JGlXbdL6u0srq2vlHerGxt7+zu2fsHLZVkEhMfJyyRnQgpwqggvqaakU4qCeIRI+1odDPz22MiFU3Eg56kJOBoIGifYqSNFNr2vR/mPckhih+dae38NLSrruPOAf8SryBVUKAZ2p+9OMEZJ0JjhpTqem6qgxxJTTEj00ovUyRFeIQGpGuoQJyoIJ9fPoUnRolhP5GmhIZz9edEjrhSEx6ZTo70UC17M/E/r5vp/lWQU5Fmmgi8WNTPGNQJnMUAYyoJ1mxiCMKSmlshHiKJsDZhVUwI3vLLf0nrzPEunPpdvdq4LuIogyNwDGrAA5egAW5BE/gAgzF4Ai/g1cqtZ+vNel+0lqxi5hD8gvXxDe5lko8=</latexit>

SUadj.(3)

<latexit sha1_base64="YDYO1ddqn0XTZJx/srhS9fKXjmo=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQBSxIFSwMDAWRtlITIsdxUqvOQ7aDVEWdWfgVFgYQYuUL2Pgb3DYDtBzJ8vE59+r6Hi9lVEjD+NZKC4tLyyvl1cra+sbmlr690xZJxjGxcMIS3vWQIIzGxJJUMtJNOUGRx0jHG1yO/c4D4YIm8Z0cpsSJUBjTgGIkleTq+7mNEYPWqBYenUPLvVa35d7e2z4KQ8LVy9WrRt2YAM4TsyBVUKDl6l+2n+AsIrHEDAnRM41UOjnikmJGRhU7EyRFeIBC0lM0RhERTj5ZZQQPleLDIOHqxBJO1N8dOYqEGEaeqoyQ7ItZbyz+5/UyGZw5OY3TTJIYTwcFGYMygeNcoE85wZINFUGYU/VXiPuIIyxVehUVgjm78jxpH9fNk3rjplFtXhRxlMEeOAA1YIJT0ARXoAUsgMEjeAav4E170l60d+1jWlrSip5d8Afa5w8gdpim</latexit>

U(g) = UL(g)U
†
R(g)

<latexit sha1_base64="fLIawyuz/5r/bwDBioEdOgN1/sE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR2k1MtGiXRTfurNS0hTaEyWTSjp08mJkIJXbhr7hxoYhbf8Odf+P0sdDWAxcO59zLvfd4CaNCmua3lltaXlldy68XNja3tnf03b2miFOOiY1jFvO2hwRhNCK2pJKRdsIJCj1GWt7gauy3HggXNI7u5DAhToh6EQ0oRlJJrn7QuClVyycN2826PITIvzdGpbOyqxdNw5wALhJrRopghrqrf3X9GKchiSRmSIiOZSbSyRCXFDMyKnRTQRKEB6hHOopGKCTCySb3j+CxUnwYxFxVJOFE/T2RoVCIYeipzhDJvpj3xuJ/XieVQdXJaJSkkkR4uihIGZQxHIcBfcoJlmyoCMKcqlsh7iOOsFSRFVQI1vzLi6R5aljnRuW2UqxdzuLIg0NwBErAAhegBq5BHdgAg0fwDF7Bm/akvWjv2se0NafNZvbBH2ifP/NqlCU=</latexit>

SO(8)/SUadj.(3)
<latexit sha1_base64="s9lkNto44pegxSfrEwAc720jPEE=">AAACNnicbVDLSgMxFM3UV62vUZdugkVoN2VGiroRim5cKFRx2kJnHDKZdBqaeZBkhDL0q9z4He66caGIWz/B9AH24YFcTs49l+QeL2FUSMMYarmV1bX1jfxmYWt7Z3dP3z9oiDjlmFg4ZjFveUgQRiNiSSoZaSWcoNBjpOn1rkf95jPhgsbRo+wnxAlRENEOxUgqydXvMhsjBq1BKeiWL6Hl3paC8qh2VX14sn0UBITD+auy/FlnVVcvGhVjDLhMzCkpginqrv5m+zFOQxJJzJAQbdNIpJMhLilmZFCwU0EShHsoIG1FIxQS4WTjtQfwRCk+7MRcnUjCsTo7kaFQiH7oKWeIZFcs9kbif712KjsXTkajJJUkwpOHOimDMoajDKFPOcGS9RVBmFP1V4i7iCMsVdIFFYK5uPIyaZxWzLNK9b5arF1N48iDI3AMSsAE56AGbkAdWACDFzAEH+BTe9XetS/te2LNadOZQzAH7ecX8AaoeQ==</latexit>

U(gh) = UL(g)UL(h)U
†
R(h)U

†
R(g) = UL(g)U

†
R(g)



• The analogous data for a      monopole is 

• where               is defined on the sphere at spatial 
infinity such that                           and            
corresponds to a loop around the    - axis at the south 
pole that is non-trivial in  

• As all representations are identical on                  we 
have  

• Now we have to extend this data into the interior to 
construct the corresponding Skyrmion

<latexit sha1_base64="rwNLtD7NPJQp9okeZQoxjxGWrRk="></latexit>

U(g(✓,')) = UL(g(✓,'))U
†
R(g(✓,'))

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3

<latexit sha1_base64="8UZH0vAdTQVseWUkoBsAha4IEao=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahgpREinosevFYwX5AE8pmu2mWbjZhd1IpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM8xPOFNj2t1FYW9/Y3Cpul3Z29/YPzPJhW8WpJLRFYh7Lro8V5UzQFjDgtJtIiiOf044/up35nTGVisXiASYJ9SI8FCxgBIOW+mZ5WHUhpIDP3TGWScjO+mbFrtlzWKvEyUkF5Wj2zS93EJM0ogIIx0r1HDsBL8MSGOF0WnJTRRNMRnhIe5oKHFHlZfPTp9apVgZWEEtdAqy5+nsiw5FSk8jXnRGGUC17M/E/r5dCcO1lTCQpUEEWi4KUWxBbsxysAZOUAJ9ogolk+laLhFhiAjqtkg7BWX55lbQvas5lrX5frzRu8jiK6BidoCpy0BVqoDvURC1E0CN6Rq/ozXgyXox342PRWjDymSP0B8bnD5/Ik5o=</latexit>

g(✓,')
<latexit sha1_base64="h8K2kx0WanZGsXZ3BwBx5uXJKcE=">AAACCHicbVDLSsNAFJ3UV62vqEsXBotQQUoiRV0W3bisYB/QhDKZTpqhk0mYuSmU0KUbf8WNC0Xc+gnu/BunbQStHhg4c869zJzjJ5wpsO1Po7C0vLK6VlwvbWxube+Yu3stFaeS0CaJeSw7PlaUM0GbwIDTTiIpjnxO2/7weuq3R1QqFos7GCfUi/BAsIARDFrqmYeDigshBXzqjrBMQnbiQmyFle9bzyzbVXsG6y9xclJGORo988PtxySNqADCsVJdx07Ay7AERjidlNxU0QSTIR7QrqYCR1R52SzIxDrWSt8KYqmPAGum/tzIcKTUOPL1ZIQhVIveVPzP66YQXHoZE0kKVJD5Q0HKLZ112orVZ5IS4GNNMJFM/9UiIZaYgO6upEtwFiP/Ja2zqnNerd3WyvWrvI4iOkBHqIIcdIHq6AY1UBMRdI8e0TN6MR6MJ+PVeJuPFox8Zx/9gvH+BbHFmSQ=</latexit>

g(✓,') ! h(')
<latexit sha1_base64="l4hY3gZ65r3vmgJ0+JsFFRZ2mbw=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpexKUY9FLx4r2A9sl5JNs93QbHZJsoWy9F948aCIV/+NN/+NabsHbX0w8Hhvhpl5fiK4No7zjdbWNza3tgs7xd29/YPD0tFxS8epoqxJYxGrjk80E1yypuFGsE6iGIl8wdr+6G7mt8dMaR7LRzNJmBeRoeQBp8RY6Sms9MZEJSG/6JfKTtWZA68SNydlyNHol756g5imEZOGCqJ113US42VEGU4FmxZ7qWYJoSMyZF1LJYmY9rL5xVN8bpUBDmJlSxo8V39PZCTSehL5tjMiJtTL3kz8z+umJrjxMi6T1DBJF4uCVGAT49n7eMAVo0ZMLCFUcXsrpiFRhBobUtGG4C6/vEpal1X3qlp7qJXrt3kcBTiFM6iAC9dQh3toQBMoSHiGV3hDGr2gd/SxaF1D+cwJ/AH6/AENXpCG</latexit>

h(')
<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="mybOFHfI67KFRCODNCTihx3QB+k=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VoNyGxRd0IRTcuK5q22IQwmUzasZMHMxOhhH6AG3/FjQtF3PoB7vwbJ20X2npg4HDOucy9x0sYFdIwvrXC0vLK6lpxvbSxubW9U97da4s45ZhYOGYx73pIEEYjYkkqGekmnKDQY6TjDS9zv/NAuKBxdCtHCXFC1I9oQDGSSnLLFbtFXbN6Y7mZzUOI/Ht9XK3Xaud2iOTA8+CdW1cpQzcmgIvEnJEKmKHllr9sP8ZpSCKJGRKiZxqJdDLEJcWMjEt2KkiC8BD1SU/RCIVEONnkmDE8UooPg5irF0k4UX9PZCgUYhR6KpmvKOa9XPzP66UyOHMyGiWpJBGefhSkDMoY5s1An3KCJRspgjCnaleIB4gjLFV/JVWCOX/yImkf6+aJ3rhuVJoXszqK4AAcgiowwSlogivQAhbA4BE8g1fwpj1pL9q79jGNFrTZzD74A+3zB26EmVY=</latexit>

⇧1(SUadj.(3)) = Z3

<latexit sha1_base64="lj928M3YhQz3lyNe8ZaMk92MQT8="></latexit>

U(h(')) = UL(h('))U
†
R(h(')) = I

<latexit sha1_base64="NjbTxJhKX/ySBBZT/xDCnO+W9vg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkKiRT0WvXisaNpCG8Jms23X7m7C7qZQQv+JFw+KePWfePPfuG1z0OqDgcd7M8zMi1JGlXbdL6u0srq2vlHerGxt7+zu2fsHLZVkEhMfJyyRnQgpwqggvqaakU4qCeIRI+1odDPz22MiFU3Eg56kJOBoIGifYqSNFNr2vR/mPckhih+dae38NLSrruPOAf8SryBVUKAZ2p+9OMEZJ0JjhpTqem6qgxxJTTEj00ovUyRFeIQGpGuoQJyoIJ9fPoUnRolhP5GmhIZz9edEjrhSEx6ZTo70UC17M/E/r5vp/lWQU5Fmmgi8WNTPGNQJnMUAYyoJ1mxiCMKSmlshHiKJsDZhVUwI3vLLf0nrzPEunPpdvdq4LuIogyNwDGrAA5egAW5BE/gAgzF4Ai/g1cqtZ+vNel+0lqxi5hD8gvXxDe5lko8=</latexit>

SUadj.(3)



monopole data



Skyrmions from the monopole
• To make the Skyrmion we do the analogous 

construction to the one done for the ‘Hooft-
Polyakov monopole and make an              Skyrmion 

• However with            designed so that  

• This can be explicitly constructed and we obtain, 
depending on the non-trivial loop at the south pole, 
a topologically stable Skyrmion one to one with the 
group 

<latexit sha1_base64="9tZylHNwgAkEPuveLe4OhDYeQgM="></latexit>

U(r, ✓,') = UL(✓,')V (r)U †
R(✓,')

<latexit sha1_base64="yteewpn98o09cRxE/x+/tDdD/4k=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsqulOqx6MVjBfsB7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G07vM7z5RpVkkH80spr7AY8lCRrDJpE5VXQ7LFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDGT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNW8Rq3+UK80b/M4inAG51AFD66hCffQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBTb+NxA==</latexit>

V (r)
<latexit sha1_base64="OpCCIFkyM/G+58FFRkMTyvwbWv4="></latexit>

U(0, ✓,') = const. U(1, ✓,') = const.

<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)

<latexit sha1_base64="IQiLOpgdR7DIHQaXECgYCYj5Hs0=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LblxWsA9th5JJM21okhmSjFCGfoUbF4q49XPc+Tdm2llo64HA4Zx7ybkniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxq6yhRhLZIxCPVDbCmnEnaMsxw2o0VxSLgtBNMbjK/80SVZpG8N9OY+gKPJAsZwcZKD32BzTgI0OOgXHGr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n88AzdGaVIQojZZ80aK7+3kix0HoqAjuZBdTLXib+5/USE175KZNxYqgki4/ChCMToex6NGSKEsOnlmCimM2KyBgrTIztqGRL8JZPXiXti6pXq9buLiuN67yOIpzAKZyDB3VowC00oQUEBDzDK7w5ynlx3p2PxWjByXeO4Q+czx9cvJAj</latexit>Z



Skyrmions

• to construct the Skyrmions, we simply think of 
elements of                :  

• Then to obtain the corresponding element of the 
coset space                               we construct the 
corresponding elements of the other two 8 
dimensional representations                     ,              
and  construct

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3

<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)

<latexit sha1_base64="fLIawyuz/5r/bwDBioEdOgN1/sE=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR2k1MtGiXRTfurNS0hTaEyWTSjp08mJkIJXbhr7hxoYhbf8Odf+P0sdDWAxcO59zLvfd4CaNCmua3lltaXlldy68XNja3tnf03b2miFOOiY1jFvO2hwRhNCK2pJKRdsIJCj1GWt7gauy3HggXNI7u5DAhToh6EQ0oRlJJrn7QuClVyycN2826PITIvzdGpbOyqxdNw5wALhJrRopghrqrf3X9GKchiSRmSIiOZSbSyRCXFDMyKnRTQRKEB6hHOopGKCTCySb3j+CxUnwYxFxVJOFE/T2RoVCIYeipzhDJvpj3xuJ/XieVQdXJaJSkkkR4uihIGZQxHIcBfcoJlmyoCMKcqlsh7iOOsFSRFVQI1vzLi6R5aljnRuW2UqxdzuLIg0NwBErAAhegBq5BHdgAg0fwDF7Bm/akvWjv2se0NafNZvbBH2ifP/NqlCU=</latexit>

SO(8)/SUadj.(3)

<latexit sha1_base64="v6QL2XkcNzvnIjkgyvsAR2Dggc8="></latexit>

U(r, ✓,') = UL(✓,')V (r)U †
R(✓,') = ŨV (g(r, ✓,'))

<latexit sha1_base64="LHKBFLC3t5YVIffnnv1oodWvBbk=">AAACDnicbVA9SwNBEN3zM8avqKXNYhAiSLiToJZBGwuLCEYDuRDmNpNkce+D3blAOPILbPwrNhaK2Frb+W/cxBRqfDDweG+GmXlBoqQh1/105uYXFpeWcyv51bX1jc3C1vaNiVMtsC5iFetGAAaVjLBOkhQ2Eo0QBgpvg7vzsX87QG1kHF3TMMFWCL1IdqUAslK7sO+TVB3MfAGK10fty1KvpA996iPBoT8AnfTlwUG7UHTL7gR8lnhTUmRT1NqFD78TizTEiIQCY5qem1ArA01SKBzl/dRgAuIOeti0NIIQTSubvDPi+1bp8G6sbUXEJ+rPiQxCY4ZhYDtDoL75643F/7xmSt3TViajJCWMxPeibqo4xXycDe9IjYLU0BIQWtpbueiDBkE2wbwNwfv78iy5OSp7x+XKVaVYPZvGkWO7bI+VmMdOWJVdsBqrM8Hu2SN7Zi/Og/PkvDpv361zznRmh/2C8/4F6h2bYw==</latexit>

ŨL(g(r, ✓,'))
<latexit sha1_base64="G/RJlnIcCxHUdXnBFd93szH2wKQ=">AAACDnicbVA9SwNBEN3zM8avqKXNYhAiSLiToJZBG8soRgO5EOY2k2Rx74PduUA48gts/Cs2ForYWtv5b9zEFGp8MPB4b4aZeUGipCHX/XTm5hcWl5ZzK/nVtfWNzcLW9o2JUy2wLmIV60YABpWMsE6SFDYSjRAGCm+Du/OxfztAbWQcXdMwwVYIvUh2pQCyUruw75NUHcx8AYrXR+2rUq+kD33qI8GhPwCd9OXBQbtQdMvuBHyWeFNSZFPU2oUPvxOLNMSIhAJjmp6bUCsDTVIoHOX91GAC4g562LQ0ghBNK5u8M+L7VunwbqxtRcQn6s+JDEJjhmFgO0OgvvnrjcX/vGZK3dNWJqMkJYzE96JuqjjFfJwN70iNgtTQEhBa2lu56IMGQTbBvA3B+/vyLLk5KnvH5cplpVg9m8aRY7tsj5WYx05YlV2wGqszwe7ZI3tmL86D8+S8Om/frXPOdGaH/YLz/gXzs5tp</latexit>

ŨR(g(r, ✓,'))

<latexit sha1_base64="GtSY6Y4G7Hr6tG0UzJvNoGSblZ4="></latexit>

Ũ = ŨL(g(r, ✓,'))Ũ†
R(g(r, ✓,'))



-Skyrmion specifics
• We use an           subgroup sitting inside        

to construct explicit configurations  

<latexit sha1_base64="Hd/FROs0KZ2n3QQau+PTEG1Xu9A=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLiHokevGI0RUS2JBu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHrVMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDPz209UaSbFg5kkNIjxULCIEWys5N/71fp5v1xxa+4caJV4OalAjla//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKnms17yLWuOuUWle53EU4QROoQoeXEITbqEFPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwCO+o3g</latexit>

SU(2)
<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3

<latexit sha1_base64="oXD/F+xINfrLb0lsPpgNgY2bf6E=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4kDIjRd0IRTcuK0wfMI+SSTNt2kxmSDJCGfoBbvwVNy4UcesHuPNvTNtZaOuBkMM555LcEySMSmWa30ZhZXVtfaO4Wdra3tndK+8ftGScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdjG6nfvuBCEljbqtxQrwI9TkNKUZKS91yxfapyyl09H1m+0PvmrokkZTF3M/ocDSx/ZFOmVVzBrhMrJxUQI5Gt/zl9mKcRoQrzJCUjmUmysuQUBQzMim5qSQJwiPUJ46mHEVEetlsmQk80UoPhrHQhys4U39PZCiSchwFOhkhNZCL3lT8z3NSFV55GeVJqgjH84fClEEVw2kzsEcFwYqNNUFYUP1XiAdIIKx0fyVdgrW48jJpnVeti2rtvlap3+R1FMEROAanwAKXoA7uQAM0AQaP4Bm8gjfjyXgx3o2PebRg5DOH4A+Mzx92IptI</latexit>

T i 3 [T i, T j ] = i✏ijkT k

<latexit sha1_base64="8uOu6F7GCAbb2sUGR/3sA3GiQlo="></latexit>

T 2 =
1

2

0

BBBBBBBBBB@

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 i 0 0 0
0 0 0 �i 0 0 0 0
0 0 0 0 0 0 i 0
0 0 0 0 0 �i 0 0
0 0 0 0 0 0 0 0

1

CCCCCCCCCCA

<latexit sha1_base64="hDjDmx6Mce7Yr4wmEPnbGaFhNXE="></latexit>

T 1 =
1

2

0

BBBBBBBBBB@

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 i 0
0 0 0 0 0 i 0 0
0 0 0 0 �i 0 0 0
0 0 0 �i 0 0 0 0
0 0 0 0 0 0 0 0

1

CCCCCCCCCCA

<latexit sha1_base64="GPvmync2hStN8o1a81dY8dDfxP4="></latexit>

T 3 =
1

2

0

BBBBBBBBBB@

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 �i 0 0
0 0 0 0 0 0 i 0
0 0 0 i 0 0 0 0
0 0 0 0 �i 0 0 0
0 0 0 0 0 0 0 0

1

CCCCCCCCCCA



•       is an element of              while       and      
are not. 

•                               goes from the       to       
as  

• this gives the constant values

<latexit sha1_base64="GlcFtYgPSDb/04GIx1DuNas0B2s=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GPQi8eIeUGyhtlJbzJkdnaZmRVCyCd48aCIV7/Im3/jJNmDJhY0FFXddHcFieDauO63s7a+sbm1ndvJ7+7tHxwWjo6bOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdzvzWEyrNY1k34wT9iA4kDzmjxkoP9cdyr1B0S+4cZJV4GSlChlqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/mpU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8NqfcJmkBiVbLApTQUxMZn+TPlfIjBhbQpni9lbChlRRZmw6eRuCt/zyKmmWS95lqXJfKVZvsjhycApncAEeXEEV7qAGDWAwgGd4hTdHOC/Ou/OxaF1zspkT+APn8wfXto2F</latexit>

T 2 <latexit sha1_base64="NKBe9H6xKy91kNvT0M/x5D+wLYs=">AAAB7HicbVBNTwIxEJ31E/EL9eilkZjghewqUY9ELx4xukACG9ItXWjotpu2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777aysrq1vbBa2its7u3v7pYPDppapItQnkkvVDrGmnAnqG2Y4bSeK4jjktBWObqd+64kqzaR4NOOEBjEeCBYxgo2V/Ae/cnHWK5XdqjsDWiZeTsqQo9ErfXX7kqQxFYZwrHXHcxMTZFgZRjidFLuppgkmIzygHUsFjqkOstmxE3RqlT6KpLIlDJqpvycyHGs9jkPbGWMz1IveVPzP66Qmug4yJpLUUEHmi6KUIyPR9HPUZ4oSw8eWYKKYvRWRIVaYGJtP0YbgLb68TJrnVe+yWruvles3eRwFOIYTqIAHV1CHO2iADwQYPMMrvDnCeXHenY9564qTzxzBHzifP5B/jeE=</latexit>

SU(3)
<latexit sha1_base64="/HpjOrtYrcV5tpuOQk09dwaMal0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4j5gXJGmYns8mQ2dllplcIIZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vJ7e2vrG5ld8u7Ozu7R8UD4+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7cxvPXFtRKzqOE64H9GBEqFgFK30UH/0esWSW3bnIKvEy0gJMtR6xa9uP2ZpxBUySY3peG6C/oRqFEzyaaGbGp5QNqID3rFU0YgbfzI/dUrOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw2t/IlSSIldssShMJcGYzP4mfaE5Qzm2hDIt7K2EDammDG06BRuCt/zyKmlelL3LcuW+UqreZHHk4QRO4Rw8uIIq3EENGsBgAM/wCm+OdF6cd+dj0Zpzsplj+APn8wfWMo2E</latexit>

T 1
<latexit sha1_base64="HNNRwDHF5eqkFKuOKakJ6VGoK8I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BLx4j5gXJGmYns8mQ2dllplcIIZ/gxYMiXv0ib/6Nk2QPGi1oKKq66e4KEikMuu6Xk1tZXVvfyG8WtrZ3dveK+wdNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8HoZua3Hrk2IlZ1HCfcj+hAiVAwila6rz+c94olt+zOQf4SLyMlyFDrFT+7/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn81Ck5sUqfhLG2pZDM1Z8TExoZM44C2xlRHJplbyb+53VSDK/8iVBJilyxxaIwlQRjMvub9IXmDOXYEsq0sLcSNqSaMrTpFGwI3vLLf0nzrOxdlCt3lVL1OosjD0dwDKfgwSVU4RZq0AAGA3iCF3h1pPPsvDnvi9ack80cwi84H9/ZOo2G</latexit>

T 3

<latexit sha1_base64="GNyiO52zwnRVlkqSAvqIl021Lvo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgxjIjRV0W3eiugn1gO5RMmmlDk8yQZIQy9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777RRWVtfWN4qbpa3tnd298v5BS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gfJP57SeqNIvkg5nE1Bd4KFnICDZWejzrCWxGQYDu+uWKW3VnQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP50lnqITqwxQGCn7pEEz9fdGioXWExHYySygXvQy8T+vm5jwyk+ZjBNDJZl/FCYcmQhl56MBU5QYPrEEE8VsVkRGWGFibEklW4K3ePIyaZ1XvYtq7b5WqV/ndRThCI7hFDy4hDrcQgOaQEDCM7zCm6OdF+fd+ZiPFpx85xD+wPn8Aa0RkEc=</latexit>�I <latexit sha1_base64="bkZizZIfyA6gaQAhnjS+lPuwO+I=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIqS6LbnRXwT6kHUomzbShSWZIMkIZ+hVuXCji1s9x59+YaWehrQcCh3PuJeeeIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCoraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wucn8zhNVmkXywUxj6gs8kixkBBsrPfYFNuMgQHeDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzgPP0JlVhiiMlH3SoLn6eyPFQuupCOxkFlAve5n4n9dLTHjlp0zGiaGSLD4KE45MhLLr0ZApSgyfWoKJYjYrImOsMDG2o5ItwVs+eZW0L6pevVq7r1Ua13kdRTiBUzgHDy6hAbfQhBYQEPAMr/DmKOfFeXc+FqMFJ985hj9wPn8AQlSQEA==</latexit>I
<latexit sha1_base64="MJZT0e8Fxw6DDYlR93Fj1T2bWmA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkqHgqevFYwX5AE8pmu2mXbnbD7kQIoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3M387hPThiv5CFnCgpiMJI84JWAlX9+4PiifywiyQbXm1t058CrxClJDBVqD6pc/VDSNmQQqiDF9z00gyIkGTgWbVvzUsITQCRmxvqWSxMwE+fzmKT6zyhBHStuSgOfq74mcxMZkcWg7YwJjs+zNxP+8fgrRdZBzmaTAJF0silKBQeFZAHjINaMgMksI1dzeiumYaELBxlSxIXjLL6+SzkXdu6w3Hhq15m0RRxmdoFN0jjx0hZroHrVQG1GUoGf0it6c1Hlx3p2PRWvJKWaO0R84nz/ld5Gc</latexit>

r : 0 ! 1

<latexit sha1_base64="hBzepfDS90tFsXmsNj9UeWfg+j4=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBItQN2WmFHUjFN24rNAXtNOSSe+0oZnMkGSEOhT8FTcuFHHrd7jzb0wfC209cOHknHvJvcePOVPacb6tldW19Y3NzFZ2e2d3b98+OKyrKJEUajTikWz6RAFnAmqaaQ7NWAIJfQ4Nf3g78RsPIBWLRFWPYvBC0hcsYJRoI3Xt43penl9DJ2XtR9DEPKqd4rhr55yCMwVeJu6c5NAcla791e5FNAlBaMqJUi3XibWXEqkZ5TDOthMFMaFD0oeWoYKEoLx0uv4Ynxmlh4NImhIaT9XfEykJlRqFvukMiR6oRW8i/ue1Eh1ceSkTcaJB0NlHQcKxjvAkC9xjEqjmI0MIlczsiumASEK1SSxrQnAXT14m9WLBvSiU7ku58s08jgw6Qacoj1x0icroDlVQDVGUomf0it6sJ+vFerc+Zq0r1nzmCP2B9fkDvNOUtw==</latexit>

V (r) = ei⇣(r)T
2

<latexit sha1_base64="v6QL2XkcNzvnIjkgyvsAR2Dggc8="></latexit>

U(r, ✓,') = UL(✓,')V (r)U †
R(✓,') = ŨV (g(r, ✓,'))

<latexit sha1_base64="G2v4lOJ/WBrmZQrkYSBA01PQItQ=">AAACCHicbVDLTsJAFJ3iC/FVdenCicQEFmKLRN2QEN24xIQCCS1kOgwwYfrIzNSENF268VfcuNAYt36CO//GAbpQ8CQ3OTnn3tx7jxsyKqRhfGuZldW19Y3sZm5re2d3T98/aIog4phYOGABb7tIEEZ9YkkqGWmHnCDPZaTljm+nfuuBcEEDvyEnIXE8NPTpgGIkldTTj2MbIwatpMCrRrF6RroxLVTskJ5fFBvdctLT80bJmAEuEzMleZCi3tO/7H6AI4/4EjMkRMc0QunEiEuKGUlydiRIiPAYDUlHUR95RDjx7JEEniqlDwcBV+VLOFN/T8TIE2LiuarTQ3IkFr2p+J/XieTg2ompH0aS+Hi+aBAxKAM4TQX2KSdYsokiCHOqboV4hDjCUmWXUyGYiy8vk2a5ZF6WKveVfO0mjSMLjsAJKAATXIEauAN1YAEMHsEzeAVv2pP2or1rH/PWjJbOHII/0D5/AFPbl6E=</latexit>

U(r = 0) = �ei(4⇡/3)T
2

<latexit sha1_base64="OE2ZNXv/V7g9PrEpDzUT960NVnw=">AAACDHicbVDNTgIxGOziH+If6tFLIzGBC+4iUS8kRC8eMWGBhAXSLV1o6HY3bddks+EBvPgqXjxojFcfwJtvY4E9KDhJk8nMfPn6jRsyKpVpfhuZtfWNza3sdm5nd2//IH941JJBJDCxccAC0XGRJIxyYiuqGOmEgiDfZaTtTm5nfvuBCEkD3lRxSHo+GnHqUYyUlgb5QuJgxKA9LYqaQ7mn4lKN9BNarDohPb8oNfuVqU6ZZXMOuEqslBRAisYg/+UMAxz5hCvMkJRdywxVL0FCUczINOdEkoQIT9CIdDXlyCeyl8yPmcIzrQyhFwj9uIJz9fdEgnwpY9/VSR+psVz2ZuJ/XjdS3nUvoTyMFOF4sciLGFQBnDUDh1QQrFisCcKC6r9CPEYCYaX7y+kSrOWTV0mrUrYuy9X7aqF+k9aRBSfgFBSBBa5AHdyBBrABBo/gGbyCN+PJeDHejY9FNGOkM8fgD4zPH2sjmfI=</latexit>

U(r = 1) = ei(4⇡/3)T
2



-Skyrmion specifics
• The fields correspond to                                       

with corresponding         and  
• With                            and                   , 
• Then we construct the              Skyrmion as  

• The      -Skyrmion ensues via “the machine” 

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3
<latexit sha1_base64="sKdUSzqd4fktzwXGhCtnkI4kGf4=">AAACKnicbVDLSgMxFM34tr5GXboJFkEXlhkVdSP42LhUsA/o1HInvbXBzIPkjlCG+R43/oobF4q49UNMaxdaPRA4OedcknvCVElDnvfuTExOTc/Mzs2XFhaXllfc1bWaSTItsCoSlehGCAaVjLFKkhQ2Uo0QhQrr4f3FwK8/oDYyiW+on2IrgrtYdqUAslLbPcsDAYpXi3btBG9zGTyATnuS39zuFYP7dpBKvhtQDwl2rLpfjKfabtmreEPwv8QfkTIb4artvgSdRGQRxiQUGNP0vZRaOWiSQmFRCjKDKYh7uMOmpTFEaFr5cNWCb1mlw7uJticmPlR/TuQQGdOPQpuMgHpm3BuI/3nNjLrHrVzGaUYYi++HupnilPBBb7wjNQpSfUtAaGn/ykUPNAiy7ZZsCf74yn9Jba/iH1YOrg/Kp+ejOubYBttk28xnR+yUXbIrVmWCPbJn9srenCfnxXl3Pr6jE85oZp39gvP5BX9EprM=</latexit>

UV = ei'T 2

ei(⇡�✓)T 3

ei'T 2

<latexit sha1_base64="tP06fQH59zqy31WshNBlNOrQEuI=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQYhN2Q1AbIWhjGSEvSDZhdnI3GTL7YGZWiGsKf8XGQhFbf8POv3GSbKGJBy6cOede5t7jRpxJZVnfRmZldW19I7uZ29re2d0z9w8aMowFhToNeShaLpHAWQB1xRSHViSA+C6Hpju6mfrNexCShUFNjSNwfDIImMcoUVrqmUeNgji7gm7COg+giH7gWrc06Zl5q2jNgJeJnZI8SlHtmV+dfkhjHwJFOZGybVuRchIiFKMcJrlOLCEidEQG0NY0ID5IJ5ntP8GnWuljLxS6AoVn6u+JhPhSjn1Xd/pEDeWiNxX/89qx8i6dhAVRrCCg84+8mGMV4mkYuM8EUMXHmhAqmN4V0yERhCodWU6HYC+evEwapaJ9XizflfOV6zSOLDpGJ6iAbHSBKugWVVEdUfSIntErejOejBfj3fiYt2aMdOYQ/YHx+QMY3ZTh</latexit>

V (r) = ei⇣(r)T
2

<latexit sha1_base64="4WxFASnfzoRDn0eBR5Fq8CQVL78=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ERwUuCyRH2NpNkyd7esbsnhCP/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvDARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKHjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lgxknGER0IHmfM2qs9Jh1GBXEn3TvuuWKW3VnIMvEy0kFctS75a9OL2ZphNIwQbVue25igowqw5nASamTakwoG9EBti2VNEIdZLOLJ+TEKj3Sj5UtachM/T2R0UjrcRTazoiaoV70puJ/Xjs1/asg4zJJDUo2X9RPBTExmb5PelwhM2JsCWWK21sJG1JFmbEhlWwI3uLLy6RxVvUuquf355XadR5HEY7gGE7Bg0uowS3UwQcGEp7hFd4c7bw4787HvLXg5DOH8AfO5w8VrpCL</latexit>UL
<latexit sha1_base64="jD86JpMhEbqo7EqrR1qtWrRa0+c=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cqpi22oWy203bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6mfrNJ1Sax/LBjBMMIjqQvM8ZNVZ6zDqMCuJPuvfdcsWtujOQZeLlpAI56t3yV6cXszRCaZigWrc9NzFBRpXhTOCk1Ek1JpSN6ADblkoaoQ6y2cUTcmKVHunHypY0ZKb+nshopPU4Cm1nRM1QL3pT8T+vnZr+VZBxmaQGJZsv6qeCmJhM3yc9rpAZMbaEMsXtrYQNqaLM2JBKNgRv8eVl0jirehfV87vzSu06j6MIR3AMp+DBJdTgFurgAwMJz/AKb452Xpx352PeWnDymUP4A+fzBx7GkJE=</latexit>UR

<latexit sha1_base64="rF7JcgOI87GGBLgRrS040heu2yk=">AAACBXicbVBNS8NAEN34WetX1KMegkWol5JoUS9C0YvHCvYDmlA22027dLMJuxOhhly8+Fe8eFDEq//Bm//GbZuDtj4YeLw3w8w8P+ZMgW1/GwuLS8srq4W14vrG5ta2ubPbVFEiCW2QiEey7WNFORO0AQw4bceS4tDntOUPr8d+655KxSJxB6OYeiHuCxYwgkFLXfPAfaCAyy4TAYyOL91AYpJW3Zhl6WnWNUt2xZ7AmidOTkooR71rfrm9iCQhFUA4Vqrj2DF4KZbACKdZ0U0UjTEZ4j7taCpwSJWXTr7IrCOt9KwgkroEWBP190SKQ6VGoa87QwwDNeuNxf+8TgLBhZcyESdABZkuChJuQWSNI7F6TFICfKQJJpLpWy0ywDoI0MEVdQjO7MvzpHlScc4q1dtqqXaVx1FA++gQlZGDzlEN3aA6aiCCHtEzekVvxpPxYrwbH9PWBSOf2UN/YHz+AEnGmHQ=</latexit>

⇣(1) =
4⇡

3

<latexit sha1_base64="hCk/0UJhdIk0UzCU6UgaNMqh7Tw=">AAACAXicbVDJSgNBEK2JW4zbqBfBS2MQ4sEwE4N6EYJePEYwC2SG0NPpSZr0LHT3CHEYL/6KFw+KePUvvPk3dpaDRh8UPN6roqqeF3MmlWV9GbmFxaXllfxqYW19Y3PL3N5pyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3vBr7rTsqJIvCWzWKqRvgfsh8RrDSUtfcc+6pwiXr6MLxBSbpccWJWZaeZF2zaJWtCdBfYs9IEWaod81PpxeRJKChIhxL2bGtWLkpFooRTrOCk0gaYzLEfdrRNMQBlW46+SBDh1rpIT8SukKFJurPiRQHUo4CT3cGWA3kvDcW//M6ifLP3ZSFcaJoSKaL/IQjFaFxHKjHBCWKjzTBRDB9KyIDrJNQOrSCDsGef/kvaVbK9mm5elMt1i5nceRhHw6gBDacQQ2uoQ4NIPAAT/ACr8aj8Wy8Ge/T1pwxm9mFXzA+vgE7t5Yh</latexit>

⇣(0) =
�2⇡

3

<latexit sha1_base64="v6QL2XkcNzvnIjkgyvsAR2Dggc8="></latexit>

U(r, ✓,') = UL(✓,')V (r)U †
R(✓,') = ŨV (g(r, ✓,'))

<latexit sha1_base64="GtSY6Y4G7Hr6tG0UzJvNoGSblZ4="></latexit>

Ũ = ŨL(g(r, ✓,'))Ũ†
R(g(r, ✓,'))

<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)

<latexit sha1_base64="Ej1car2MIurjInRekcL1+HY3Sl8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo9UDgcM695NwTJpxp47pfTmlldW19o7xZ2dre2d2r7h90tEwVoW0iuVS9EGvKmaBtwwynvURRHIecdsPJTe53H6nSTIp7M01oEOORYBEj2FjJ78fYjMMQPQzOB9WaW3fnQH+JV5AaFGgNqp/9oSRpTIUhHGvte25iggwrwwins0o/1TTBZIJH1LdU4JjqIJtHnqETqwxRJJV9wqC5+nMjw7HW0zi0k3lEvezl4n+en5roKsiYSFJDBVl8FKUcGYny+9GQKUoMn1qCiWI2KyJjrDAxtqWKLcFbPvkv6ZzVvYt6465Ra14XdZThCI7hFDy4hCbcQgvaQEDCE7zAq2OcZ+fNeV+Mlpxi5xB+wfn4BopAkMc=</latexit>Z3



A possible application
• the hadronic mesons come in an octet 

• there are 8 scalar fields with an obvious             
transformation group, broken to  

<latexit sha1_base64="kj46eWwHvpbP3LtMbkosqoM3mBc=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6Q1RDkSvXgTowUSaMh22cKG7bbZ3ZqQht/gxYPGePUHefPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSkI9EvNYdgKsKGeCepppTjuJpDgKOG0H45uZ336iUrFYPOpJQv0IDwULGcHaSN7DXaV+3rfLTtWZA60SNydlyNHs21+9QUzSiApNOFaq6zqJ9jMsNSOcTku9VNEEkzEe0q6hAkdU+dn82Ck6M8oAhbE0JTSaq78nMhwpNYkC0xlhPVLL3kz8z+umOqz7GRNJqqkgi0VhypGO0exzNGCSEs0nhmAimbkVkRGWmGiTT8mE4C6/vEpaF1X3slq7r5Ub13kcRTiBU6iAC1fQgFtoggcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx+O7o3g</latexit>

SO(8)
<latexit sha1_base64="NjbTxJhKX/ySBBZT/xDCnO+W9vg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBahXkKiRT0WvXisaNpCG8Jms23X7m7C7qZQQv+JFw+KePWfePPfuG1z0OqDgcd7M8zMi1JGlXbdL6u0srq2vlHerGxt7+zu2fsHLZVkEhMfJyyRnQgpwqggvqaakU4qCeIRI+1odDPz22MiFU3Eg56kJOBoIGifYqSNFNr2vR/mPckhih+dae38NLSrruPOAf8SryBVUKAZ2p+9OMEZJ0JjhpTqem6qgxxJTTEj00ovUyRFeIQGpGuoQJyoIJ9fPoUnRolhP5GmhIZz9edEjrhSEx6ZTo70UC17M/E/r5vp/lWQU5Fmmgi8WNTPGNQJnMUAYyoJ1mxiCMKSmlshHiKJsDZhVUwI3vLLf0nrzPEunPpdvdq4LuIogyNwDGrAA5egAW5BE/gAgzF4Ai/g1cqtZ+vNel+0lqxi5hD8gvXxDe5lko8=</latexit>

SUadj.(3)



Conclusions
• We have shown the existence of  topological         

configurations. 
• We must address the stability and excitations of such 

objects within a possible dynamics given by a 
Skyrme type Lagrangian. 

• Applications to phenomenology must also be 
addressed.  Highly speculative ideas correspond to 
thinking about these Skyrmions as quarks.  One 
would have to motivate the baryon number is 
somehow 
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