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The relationship between the properties of elementary particles and the mathematical structure of the lie groups and lie algebra Lie in groups Classic groups Common linear GL(n) Special linear SL(n) Orthogenal O(n) Special orthogenal SO(n) Unitary U(n) Special Unitary SU(n) Sym Litskyy Sp(n) Simple Lie Groups List of Simple Lie Groups Classic An Bn
Cn Dn Exceptional G2 F4 E6 E7 E8 Other Lie Groups Circle Lorenz Poincare Conformal Group Diffeomorphism Loop Euclidan Lie Algebra Lee Group-Lie Algebra Correspondence Exponential Map Adjoint Representation Murder FormIndex Lie Point Symmetry Simple Algebra Doll Translucent Doll Algebra Dingin Scheme Cartan Subalgebra Root
SystemWeyl Group Real FormComplexation Split Doll Compact Algebra Representation Theory representation Lee algebra representation theory translucent pupae algebra theorem Weight Borel-Weil-Bott Theorem Lee Groups in Physics Physics Particle Physics and Representation Theory Lorenz Group Presents Poincaré Group Representations Galilee
Group Presents Scientists Sophie Lee Henri Poincare Wilhelm Murder Eli Cartanmann Her Weyl Claude Chevalley Harish-Chandra Armand Borel Glossary Table of Lie groupsvte There is a natural link between particle physics and the theory of representation, as First noted in the 1930s by Eugene Wigner. [1] It associates the properties of elementary
particles with the structure of li groups and algebra lie. According to this relationship, the various quantum states of the elementary particle generates an incorreparable representation of the Poincaré group. What's more, the properties of different particles, including their spectra, may be linked to representations of La's algebra corresponding to the
approximate symmetry of the universe. General symmetry of the quantum system drawing The main article: Symmetry in Quantum Mechanics In quantum mechanics, any particular state of a single particle is presented as a vector in the space of Hilbert H {\displaystyle {\mathcal {H}}} . To understand what types of particles may exist, it is important to
categorize the capabilities for H {\displaystyle {\mathcal {H}}}}, permitted by symmetries, and their properties. Allow H {\displaystyle {\mathcal {H}}} to be a Hilbert space describing a particular quantum system, and let G {\displaystyle G} be a group of quantum system symmetry. In a relay quantum system, for example, G {\displaystyle G} can be a Poincaré
group, while the hydrogen atom G {\displaystyle G} can be an SO(3) rotation group. The particle state is more precisely characterized by the associated design space Hilbert P H {\displaystyle \mathrm {P} {\mathcal {H}}} , also called beam space, because two vectors that differ in nonzero scalar factor correspond to the same physical quantum state
represented by a beam in the Hilbert space, which is the Hilbert space. class in H {\displaystyle {\mathcal {H}}} and, under the natural projection map H → P H {\displaystyle {\mathcal {H}}\rightarrow \mathrm {P} {\mathcal {H}}} , element P H {\displaystyle \mathrm {P} {\mathcal {H}}} . By defining the symmetry of the quantum system, there is a group action on
P H {\displaystyle \mathrm {P} {\mathcal {H}}} . Each g ∈ G {\displaystyle g\in G} has a corresponding V (g) conversion {\displaystyle V(g)} from P H {\displaystyle \mathrm {P} {\mathcal {H}}} . More precisely, if g {\displaystyle g} is some system symmetry (say, a 12° x-axis rotation), then the corresponding V (g) conversion {\displaystyle V(g)} from P H
{\displaystyle \mathrm {P} {\mathcal {H}}} is a map in the beam space. For example, when rotating a stationary (zero pulse) spin-5 particle about its center, g {\displaystyle g} is a rotation in a 3D space (element S O ( 3 ) {\displaystyle \mathrm {SO(3)} } ), while V (g ) {\displaystyle V(g)} is the operator, the domain and range of which is each space of possible
quantum states of this particle, in this example, the design space P H {\displaystyle \mathrm {P} {\mathcal {H}}} is associated with the 11-th hilbert space H project complex {\displaystyle {\mathcal { No , no, no, no, no, no, Every V map (g) {\displaystyle V(g)} stores, by definition, symmetry, a beam product on P H {\displaystyle \mathrm {P} {\mathcal {H}}},
caused by an internal product on H {\displaystyle {\mathcal {H}}} ; according to Wigner's theorem, this conversion of P H {\displaystyle \mathrm {P} {\mathcal {H}}} is derived from unitary or anti-unitary conversion U (g ) {\displaystyle U(g)} from H {\displaystyle {\mathcal {H}}} . Note, however, that the U (g) {\displaystyle U(g)}associated with the specified V (g)
{\displaystyle V(g)} is not a unique but only unique phase factor. The composition of operators U ( g ) {\displaystyle U(g)} must, Thus, the composition law is displayed in G {\displaystyle G} , but only to the phase factor: U (g h ) = e i δ U ( g ) U ( h ) {\displaystyle U(gh)=e^{i\theta }U(g)U(h)} , where the δ {\displaystyle \theta } will depend on g {\displaystyle g}
and h {\displaystyle h} . Thus, the map that sends g {\displaystyle g} to U (g) {\displaystyle U(g)} is a project unitary representation of G {\displaystyle G} or possibly a mixture of unitary and non-unitary if G {\displaystyle G} is disabled. In practice, anti-unitary operators are always associated with time-returning symmetry. Normal vs. Project views It is important
physically that in general U ( ‣ ) {\displaystyle U(\cdot )} does not have to be a regular view of G {\displaystyle G} ; may not have selected phase factors in the definition of U (g) {\displaystyle U(g)} to eliminate phase factors in their composition law. Electron, for example, is particles; its Hilbert space consists of waves of functions on R 3 {\displaystyle \mathbb
{R} ^{3}} with values in the 2D space of the counter. The S O action ( 3 ) {\displaystyle \mathrm {SO(3)} } on the spinner space is projection only: it does not originate from the normal view of S O ( 3 ) {\displaystyle \mathrm {SO(3)} } . There is, however, a related normal view of the universal cover S U ( 2 ) {\displaystyle \mathrm {SU(2)} with S O ( 3 )
{\displaystyle \mathrm {SO(3)} } on the space counter. [2] For many interesting G group classes {\displaystyle G}, Bargmann's theorem tells us that each design unitary representation of G {\displaystyle G} comes from the usual view of the universal cover G ~{\displaystyle {\tilde {G}}} G {\displaystyle G} . In fact, if H {\displaystyle {\mathcal {H}}} is a complete
dimension, regardless of group G {\displaystyle G} , each project unitary representation G {\displaystyle G} comes from the normal unitary view G ~{\displaystyle {\tilde {G}}} . [3] If H {\displaystyle {\mathcal {H}}} is infinitely sized, some algebraic assumptions must be made on G {\displaystyle G} (see below). In this parameter, the result is the Bargman
theorem. Fortunately, in the decisive case, the Poincaré group uses the Bargmann theorem. [5] (See Wigner's classification of poincaré universal cover representations). The requirement mentioned above is that lie g algebra {\displaystyle {\mathfrak {g}}} does not recognize a non-trivial one-dimensional central extension. This is the case if and only if the
second cojomological group g {\displaystyle {\mathfrak {g}}} is trivial. In this case, it may still be true that the group allows a central extension of the discrete group. However, the G extension {\displaystyle G} discrete groups are covers of G {\displaystyle G} . For example, universal cover G ~ {\displaystyle {\tilde {G}}} is associated with G {\displaystyle G} due
to quotas G ≈ G ~ / Γ {\displaystyle G\appro {\tilde {G}}/\Gamma } with central subgroup Γ {\displaystyle \Gamma } is the center of G ~{\displaystyle {\tilde {G}}} itself, for the fundamental group of the covered group. Thus, in favorable cases, the quantum system will carry a unitary representation of the universal cover G ~ {\displaystyle {\tilde {G}}} of group G
symmetry {\displaystyle G} . This is desirable because H {\displaystyle {\mathcal {H}}} is much easier to work with than the non-vector space P H {\displaystyle \mathrm {P} {\mathcal {H}}} . If view G ~ {\displaystyle {\tilde {G}}} can be classified, much more information about the capabilities and properties of H {\displaystyle {\mathcal {H}}}} is available. The
Heisenberg Case An Example in Which Bargman's Theorem apply is derived from a quantum particle moving in R n {\displaystyle \mathbb {R} ^{n}} . A group of translation symmetry of a related phase space, R 2 n {\displaystyle \mathbb {R} ^{2n}} is a switching group R 2 n {\displaystyle \mathbb {R} ^{2n}} . In a normal quantum mechanical image, the
Symmetry R 2 n {\displaystyle \mathbb {R} ^{2n}} is not implemented by unitary representation R 2 n {\displaystyle \mathbb {R} ^{2n}} . After all, in a quantum setting, translations into positional space and translations into impulse space do not go away. This failure to travel reflects the inability of position and pulse operators, who are endless translation
generators in the pulse of space and position space, respectively- for the trip. However, translations in space positions and translations in the pulse space manages to phase factor. Therefore, we have a well-defined design view R 2 n {\displaystyle \mathbb {R} ^{2n}} , but it does not originate from the normal view R 2 n {\displaystyle \mathbb {R} ^{2n}} ,
although R 2 n {\displaystyle \mathbb {R} ^{2n}} is simply connected. In this case, to get a normal view, you must pass to the Heisenberg group, which is a non-trivial one-dimensional central extension R 2 n {\displaystyle \mathbb {R} ^{2n}} . Poincaré Group Main article: Wigner classification Lorenz's translation and transformation group form the Poincaré
group, and this group should be a relativistic quantum system symmetry (neglect of common relativity effects, or, in other words, in flat space). Representations of the Poincaré group are in many cases characterized by an unsightly mass and semi-inertine spin (see Wigner classification); this can be considered the reason that the particles have quantitative
rotation. (Note that there are actually other possible representations, such as tahions, infrared, etc., that in some cases have no quantitative rotation or fixed mass.) Other symmetry Pattern of weak isospins, weak hyperchards and color charges (scales) of all known elementary particles in the Standard Model, rotating a weak mixing angle to show an
electrical charge roughly along the vertical. While space-time symmetries in the Poincaré group are particularly easy to visualize and believe, there are other types of symmetries called internal symmetries. One example is the color SU(3), an exact symmetry corresponding to the continuous solution of three quark colors. Lie algebra versus lee groups Many
(but not all) symmetry or approximate symmetry form Lee's groups. Instead of studying the theory of representation of these Lee groups, it is often better to study the closely related theory of representation of the corresponding algebra Liale, which are usually easier to calculate. Now, a representation of Algebra La to the universal cover of the original group.
[6] In a end-to-end measuring case — and an infinitely measurable case, provided that Bargmann's theorem is used — the irrepressible design representations of the original group correspond to the usual unitary representations of universal cover. In such cases, computers at the algebra level lie are appropriate. This applies, in particular, to the study of nonrelevant project representations of the SO(3 rotational group). They are in correspondence to each other with conventional representations of universal su(2) SO(3) coverage. Representations of SU(2) are then in one-to-one correspondence with representations of his La algebra su (2), which isomorphic to the algebra Lyazhi so(3) with SO(3). Thus, to
summarize, unspoceivable so(3) project representations are in correspondence with inconsequisible ordinary representations of its algebra Lia so(3). 2D spin 1/2 representation of algebra Lyage yes(3), for example, does not correspond to the usual (single-value) representation of the SO(3) group. (This fact is the origin of the statements to the effect that if
you rotate the electron wave function by 360 degrees, you get the negative of the original wave function.) However, the back 1/2 representation generates a clearly defined SO(3 design representation), which is all it takes physically. Approximate symmetry Although the above symmetry is believed to be accurate, other symmetry is only approximate.
Hypothetical example As an example of what approximate symmetry means, suppose an experimentalist lived inside an endless ferromagnet, magnetistic in some particular direction. An experimentalist in this situation would have found not one but two different types of electrons: one with a spin along the direction of magnetity, with a slightly lower energy
(and therefore a lower mass), and one with its back anti-aligned, with a higher mass. Our conventional rotational symmetry SO(3), which usually connects a spin-up electron with a spin-down electron, should in this hypothetical case become only an estimated symmetry that refers different types of particles to each other. The general definition in general,
approximate symmetry occurs when there are very strong interactions that will obey this symmetry, along with weaker interactions that do not. In the example above, the two types of electrons behave equally under strong and weak forces, but differently under electromagnetic force. Example: Isospin symmetry The main article: Isospin Example from the real
world is is isospin symmetry, group SU(2), which corresponds to the similarity between quarks up and down quarks. It's an approximate symmetry: While quarks up and down are identical in how they interact under strong force, they are different masses and different interactions of the electric car. Математично, є абстрактний двовимірний векторний
простір вгору кварк → ( 1 0 ) , вниз кварк → ( 0 1 ) {\displaystyle {\text{up quark}}\rightarrow {\begin{pmatrix}1\\0\end{pmatrix}},\qquad {\text {down quark}}\rightarrow {\begin{pmatrix}0\\1\end{pmatrix}}} і закони фізики приблизно незмінні при застосуванні детермінантної унітарної трансформації 1 до цього простору:[7] ( x y ) ↦ A ( x y ) , де A
знаходиться в S U ( 2 ) {\displaystyle {\begin{pmatrix}x\\y\end{pmatrix}}\mapsto A{\begin{pmatrix}x\\y\end{pmatrix}},\quad {\text{where }}A{\text{ знаходиться в }}SU(2)} Наприклад, A = ( 0 1 − 1 0) {\displaystyle A={\begin{pmatrix}0&amp;amp;1\\-1&amp;0\end{pmatrix}}} перетворить усі кварки у Всесвіті на кварки і навпаки. Some examples help clarify the
possible effects of these transformations: When these unitary transformations are applied to the proton, it can be converted to neutron, or into a superposition of proton and neutron, but not into any other particles. Therefore, the transformation moves the proton around the two-dimensional space of quantum states. Proton and neutron are called isospin
double, mathematically similar to how a particle spin-1/2 behaves in normal rotation. When these unitary transformations are applied to any of the three peonies (ρ0, π+and π−), it can change any of the peonies to any other, but not to any non-PEON PARTICLE. Therefore, the transformation moves the peonies around the three-dimensional space of
quantum states. The peonies are called isospin triinate, mathematically similar to how the spin-1 particle behaves under conventional rotation. These transformations do not affect the electron at all, because it contains neither up nor down quarks. The electron is called isospin single, mathematically analogous to how a spin-0 particle behaves under normal
rotation. In general, particles form isospin multiplexes that correspond to the unconceivable representations of algebra Lyazhka SU(2). Particles in the isospin multiplex have very similar but not identical masses, because quarks up and down are very similar, but not identical. Example: taste symmetry The main article: the eight-fold method (physics) of
Isospine symmetry can be generalized to taste symmetry, group SU(3), which corresponds to the similarity between quarks up, quarks down and strange quarks. [7] This, again, approximate symmetry, disturbed by quark mass differences and electrovec interaction, is, in fact, poorer approximation than isospin, due to a strange quark of markedly higher
mass. However, the particles can indeed be neatly divided into groups that form unconceivable representations of the SU(3 lick), as Murray Gell-Mann first noted and regardless of Yuval Neeman. See also Charge (Physics) Theory of Representation: Algebra Lyali Lie Groups Project Representation Special Unitary Group Notes ^ Wigner won the Nobel Prize
in Physics in 1963 for his contribution to the theory of the atomic nucleus and elementary particles, especially through the discovery and application of fundamental principles of symmetry; see also Wigner's theorem, Wigner's classification. ^Hall 2015 Chapter 4.7 ^ Hall 2013 Theorem 16.47 ^ Bargmann, V. (1954). On unitary ray representations of continuous
groups. 59 (1): 1–46. Doi:10.2307/1969831. 1969831. Weinberg 1995 Chapter 2, Annex A and B. ^ Hall 2015 Section 5.7^a b Lecture Notes by Professor Mark Thomson Links Coleman, Sydney (1985) Aspects of Symmetry: Selected Eras of Eric Lectures by Sidney Coleman. Cambridge Young. Press. In the 1930s and 1930s, Howard (1999) lay algebra in
particle physics. Reading, Massachusetts: Perseus Books. In the 1930s, 1930s Hall, Brian S. (2013), Quantum Theory for Mathematicians, Graduate Students in Mathematics, 267, Springer, ISBN 978-146147115 Hall, Brian S. (2015), Lie Groups, lie algebras and representations: elementary input, texts by math graduates, 222 (2nd ed), Springer, ISBN 9783319134666. Sternberg, Shlmo (1994) Group Theory and Physics. Cambridge Young. Press. In the 1930s, the 1930s, especially 148–150. 1995: Steven Weinberg. Quantum Field Theory, volume 1: Basics. Cambridge Young. Press. In the 1930s, the 1930s especially appendages A and B to Chapter 2. External links Baez, John C.; 2010- 2010. У 2008 році
2008 року 100000000000000000000 Bull.am.math.soc. 47 (3): 483–552. in 19904. Doy:10.1090/S0273-0979-10-01294-2. S2CID 2941843. Cite has an empty unknown parameter: |1= (Help) Obtained from
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