C EDSt % QSpace L’-‘ UN"(i)Vﬁris}imtSﬁgm

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY UK | CHINA | MALAYSIA

Random Fuzzy Spaces in the
Spectral Triple formalism

13/02/2019
Mauro D’Arcangelo

Quantum Spacetime ‘19, Bratislava, Slovakia



Random Fuzzy Spaces ¥ Nottingham

- UK [ CHINA | MALAYSIA

Outline

e Motivation and definitions

e Preliminary studies in a symmetry-breaking
potential

e The (2,0) geometry as a toy model

e Higher geometries
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Geometry is encoded in spectral data

(A, H, D; J,~)
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Geometry is encoded in spectral data

(A, H,D; J,~)

The particle content of the Standard Model is
described by the following data

(AFvHFUDFaJF?/YF)

Arp :C@H@MS(C)
HF:CQ6
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To get Einstein-Hilbert plus the Standard Model
one considers the spectral triple obtained by

tensoring the commutative manifold with the internal
non-commutative finite space

(C®(M)®Ap, L*(SY®Hp, Dy®1+v®Dp; Ju®Jr, Y @Yr)

. . D
bosonic action Tr (f (K)) ~ /EM + Ly s + Ly,

fermionic action  (Jy, Dy)
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The idea: replace the commutative manifold
with a fuzzy space
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The idea: replace the commutative manifold
with a fuzzy space

Fuzzy spaces as spectral triples:

A = M, (C) (arXiv:1502.05383)
Barrett

H = C°® M,(C)
D:Z&i®{Hi,‘}‘|‘ZTj® L,
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Path integration over geometries is then
implemented by integration over the space of
Dirac operators

(F(D) = [ F(D)eSPlap

The simplest non-trivial choice for an action

S = gTrD* + TrD*
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Issues:
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Issues:

e Huge integral

D:Z&i®{Hfu'}‘|‘ZTj® [Lia']
) L J J

free parameters
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Issues:

e Huge integral

D:Zai®{Hi,'}+ZTj® [Lia']
) L J J

free parameters

e Interpretation of observables is not always
straightforward (arXiv:1902.03590)

Barrett, Druce, Glaser
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Issues:

e Huge integral

D:ZO@@{H%'}‘I‘ZU@ [Liv']
) L J J

free parameters

e Interpretation of observables is not always
straightforward (arXiv:1902.03590)

Barrett, Druce, Glaser
e A priori no guarantee of interesting behaviour

or emergent geometry
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First indication of emergent geometry
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| Barrett, Glaser
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The (2,0) geometry
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This suggests that the radius of the circle is an
interesting observable to compute
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/dea for an observable to compute:
l?:::]%;j%:(q&ﬂEQ)Q
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/dea for an observable to compute:
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Fuzzy sphere Dirac operator

Dis=7"@I+ Y 7'V ® Lk, ]

J<k=1 J
Standard generators of

(1, 3) Dirac operator su(2)

D13 =" @{Ho, -} +7'"7*7° @{H1as, -} +

Z’y@@ . +Z’Y’Y7® L,

I<k=1
In general they generate a

much bigger algebra
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Using the Frobenius inner product

(A,B) = TrA'B = ||A|| - || B|| cos 6

we can test whether the algebra of the
L matrices shrinks, for example:

[ija le O< L’rs

\ /

by measuring the angle
between them
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Cosine squared of the angle between [L;,, L;3] and L3
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Conclusions

e Random fuzzy spaces exhibit phase transitions

e |Interesting behaviour potentially emerges

at the critical point
e No geometric input

To do

e Improve numerics

e Analytical understanding
e Higher powers in the action
e Lorentzian version?
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