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Quantum spacetime hypothesis: space-time coordinates better

modelled as noncommutative due to quantum gravity effects



Quantum Riemannian Geometry

Differential calculus

« An algebra A over a field K

e An A-bimodule O! (a-w)-b=a-(w-b), a,beA, we Q!
 Alinearmapd: A — Q! d(ab) = (da) - b+ a - (db)

e Q! =span{a-db|a,be A} Surjectivity

« Kerd=k-1,, keK, 1, EA  Connectedness (Optional)

. 4O 5 QN+l 72— 0



Geometrical Structures on a differential calculus (A, Q',d)

gel®, Q! Metric
,):QR, Q- A Inverse metric
v:Ql- Qle, Q! Connection

c:Q®,Q - Qlw, Q! Braiding map
Ricci € Q' ® , Q! S = (, )Ricci i Q- Qe Q!
V(fw)=df ®w + fVw Vwf) =cw®df)+ (Vw)f

Viw®n)=Vwn+ (c®id)(w® Vn)
ac  Vg=20 To : O — Q2 Tv =AV —d



Quantization of Z

J. N. Argota-Quiroz and S. Majid, Quantum gravity on polygons and R X Z,
FLRW model, Class. Quantum Grav. (2020) 245001 (43pp)




Euclideanized Quantum Gravity

Algebra A = C(Z,) Calculus €2
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Q? calculus

)7 =0, etAe +e Aet =0, detT=0



Geometrical structures for Z,

g=ae"®e +R (a)e” Qe™ Metric
T=(1-plet e, Vee=(1-R’p e  ®e QLC
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Quantum Gravity Applications



Euclideanized Quantum Gravity

Closed boundary condition pyp;--+p,_; = 1 constraint manifold with metric g,

Dp = (1172 dp:)\/det(g,)

Measure for integration over p

Taking n = 3,and p,, p; as coordinates

det(g,) =1
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Quantize fluctuations relative to the geometrical mean for n = 3 A = (H . ) %
— %

With the variables bz = aZ/A And the restriction b()bl...bn =1
3A2 | ~Lfbo b1 by b1o 522_1?_02)
Mesure - dag day dag = 3==dby dby dA.  Action 59 = 5 ( b T T h, ) TG ()
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Cosmological applications



Geometrical structures of FLRW model

g=—dt®dt —R*(t)e" ®,e” Metric
5+ — T R T
Vdt = RRe™ ®, e, Ve~ = —Re R, dt, QLC
i R\
Rye™ = _Edt ANe Qdt L (E) R’et Ne” ® e, Rydt= RRAt A et ®, e, Curvature
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Results of FLRW model
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Particle creation in the adiabatic limit R/R — 0, R/R — 0 wi() = \/m2 | sin’ <—k>

R 2
A:-@?-2Eat: (0, +0.) (—A+m*)p =0

(Nk)

% 2100
No particle creation RxZ, 197

R x S! R=0(m->o) Rxt "

R o £ i [ R 2 0.05}
o S (2) .m0
R L




Thank you for your attention



