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Abstract: <p>The collection of all Dirac operators for a given fermion space defines its space of geometries. <br>

Formally integrating over this space of geometries can be used to define a path integral and a thus a theory of quantum gravity. <br>

In general this expression is complicated, however for fuzzy spaces a ssimple expression for the general form of the Dirac operator exists. This
simple expression allows us to explore the space of geometries using Markov Chain Monte Carlo methods and thus examine the path integral in a
manner similar to that used in CDT. <br>

In doing this we find a phase transition and indications that the geometries close to this phase transition might be manifold like.</p>
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(s, H, A, I', J, D)

> H =V M((n,C)

where V is a (p, ¢q)-Clifford module

p-times (+%)? = 1 and ¢g-times (%)% = —1

Ais a x— algebra M(n,C)

s = (g — p) mod 8

I'v®m) =~v®m with v the chirality operator on V
J(v®m)= Cv®m* where C is charge conjugation on V

Yy vvyy
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In general
D(v®m) = Zwifu @ (K;m + € mK])

w® is a product of ~*

» ifw?! = w* then K, = K}

» if w! = —w’ then K, = — K/
so that D = D*
¢ = +1 depending on s
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For s = 2,3 or 4, each eigenvalue appears with an even

multiplicity.

D.J JD
if Dwv AU then DJv = \NJv

But » and J» must be linearly independent!
Suppose Jv = cv, with ¢ € C, then

—v = J?v = J(cv) = ¢Jv = ccv

which is a contradiction. AA - =
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Other options:
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S = Tr (x(D))

» GR inspired

S Tr ( oD "E' D 4

(Ern
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Type (1,0) & (0,1)
DV = {H, .}
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Type (1,0) & (0,1)
DS = {H, -}

DO = [H, .]
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S
Hist(Ev(H)) Hist(Ev(H))
2 200 runs

1 follow the Wiana
[/ Tollow the wignel

true for all further
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S =Tr (D?)
n=7>5 Hist(Ev(H))
200 runs

Hist( Ev(DV1)Y)
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Type (2,0),(1,1) and (0,2)
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S = goTr (D?) +Tr (DY)
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S = g Tr (P?) + Tr (DY)
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S = goTr (D?) + Tr (DY)
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S = qlr ('D“!) +Tr (T’]]
Type (1,0) Type (2,0)

Type (0,3)
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Type (1,0) Type (2,0)

IT s the reason
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What did we do?
» Monte Carlo simulation on fuzzy geometry

» Examined eigenvalue distributions
for 1d, 2d and one 3d case

What did we find

» We can explain the eigenvalue density
» Phase transition depending on ¢g»
» Possible continuum behavior?

27/ 28

Pirsa: 15120023 Page 25/28



O L] t I O O k The Uniwersity of

Nottingham

Future plans
» Find S that peaks around the fuzzy §2
Can we do perturbative expansion around some D,
Random matrix theory for analytic understanding
How do we recognize geometry?

A better computer to run the 96 x 96 standard model and
a gravity matrix together ®
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T (D?) = anr (#2) =T (£3) — W (£3) — T (£3)) + 4 (H)? + (T (L1))? + (Tr(L2))* + (T (L3)?)
Tr (D“) = 4n (Tr (L"’,‘ + LS + LS + H“) — 2Tr (LyLolyLa + LyLalyLs + LoLsLaLs)
— 2T (HLy HLy + HL2 HLz + HL3HL3) + 4T (L3L3 + LTL3 + L3L3) — aTr (H?L] + H?LE + H?L3)
— 4T (HLyLaL3 + HLaL3aLy + HLaLy L2) + 4T (HLy LgL2 + HL2Ly Lz + HL3 LQ_Ll))
— 16Tr(Ly) (Tr (Lf) + Tr (L%Ll) + Tr (L?,Ll) — 3Tr (!12L;))
— 16T (L2) (T (£3) + T (£3L2) + T (£522) — 37 (H?L2))
— 16T (La) (T (£3) + T (£3La) + T (£3Ls) — 37 (H?Ls))
+16Tr (1) (T (#*) — st (L3n) — a3 (L3n1) — 37 (L3H)) &
+ 16 (T"(L1)T"(f'f (L2, L3]) — Tr (Lz) Tr (H [Ly, L)) + Tr (Lg) Tr (H [Ly, L2]) — 3Tr (H) Tr (L, [L2, L::]))
eam (ar (£2)0% + v (13))7 + v (13))7 + o (7)) + s (v (13) W (43) 7 (£3) W (1) +

—2atr (2) (W (£3) + 7 (£3) + 7 (23))

+16 ((Tr(L1L2)? + (T (L1L3)? + (Tr(L2La)?) + a8 (W (HL1)? + (T (HL2))? + (Tr (HL3)?)

» Back
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