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More effectively described by a
noncommutative coordinate algebra
where {x,v.z,t} do not fully commute

Spacetime is not a
continuum

Quantum — Quantum —b Class%cal
Gravity Geometry GR'

Geometry Algebra

Topological space Coordinate algebra
(not required commutative)

Differentiable manifold Ditferencial graded algebra

Riemannian structure ... Noncommutative metric, connections, ...
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Classical Riemannian
Geometry

+ Spaces as commutative algebras + Unital algebra over a field.
(MY — OO( M — ; -No commutativity needed. %
C®(M) =9 (M) Cc UM) = @i (M) -Exterior product noncommutative.
)
& O space of 1-forms (‘differentials’) + Q' asbimoduile
-dx commute

(D))= (aldb) e
fdg = (dg)f € Q Sl e

-Leibniz rule 4
-Leibniz rule

e, - d(ab) = (da)b + a(db)
d(fg) = (df)g + fdg
+ ; _ o . 4 ‘Surjectivity’ condition
Exterior product with graded Leibniz rule Q! = span{a(db)|a,b € A}

d{w A1) = (dw) An(=1)*w Adn s

d? =0
* This has to extend to a DGA
* A first order differential
calculus (A.d, Ql:-j

W Queen Mary

University of London
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Tools JPhysASe...

Ww B E Q

Home

g e | |
» Inverse, bimodule inner product ( y ) e Sa Or A

QRG » Connection (left & right)

V(ew) =da @ w+ a.Vw, Vina) = (Vn)a+ o(n & da)

» Where generalised braidin
o e

4+ Torsion, Ty : Q' — Q2, Ty =AV

and Torsion free:

4 Metric compatibility:
o=

=)

o M 5 Q240 Ry = (d

4+ Curvature: R id—id A V)V

c 0Ol g Ol
= aL JA R4 p *
C AT WO Queen Mry

Ricci
University of London

Rica:

» Scalar curvature S = (. ) Ricci € A
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Fuzzy Sphere Q
Ap
» Algebra > Plank
(B2, ] =20 Ty scale 2
Cx[S?%] = U(suz)/{>_. 22 — (1 — A2))
A £y ( P %
. L » Calculus Q! = {51_52,53},
» Where generalised braiding, . o
i B
* [s "1'.-'] =0 Inner calculus,
» Curvature s A+ AS =0 8_
g Ro(s)=pl i€ s ® § <
V(_ ) F jn J'UN"' ‘ o dx; = Gijk-"‘jsk
E,-'nm = ﬂJ_',wf"jnn- S = f)f.;u(_jim.qm“ .
ke — '",],:Efjk.f-’ A 5K
» Scalar curvature
» QLCunique, [';;;
I Constant
* .
PERIMETER ‘:;(3)_—:4! Queen Mary
INSTITUTE University of London |"‘
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> The metric in the 3x3 positive definite symmetric matrices Ps —> GL3 (R)/03(R)
/ Riemannian manifold

And, +«— Lebesgue measure «—— Line element . . "
w/ invariant metric 9P,
Jldet(ap))l = det(g) 2/ |det(ep, )] ds® = Tr((g~"dg)*)

g

7 = [p [lic; dgi; | det(g)| 2 e & (Tl )=3Tr(o))
Spectral descomposition for ¢
g =E(0,¢,v¢) diag(A1, A2, A3) E(6, ¢, 1)
The Jacobean, [

Hiij dgi; = df do dyy | sin()| [T, dAi |(A1 — A2)(A1 — Az) (A2 — A3)]

‘;(:)_;' Queen Mary

NSTITUTE University of London
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> The metric in the 3x3 positive definite symmetric matrices P3 —* GL3(R)/O3(R)
And, «— Lebesgue measure «—— Line element / Rie_maru!ian mani_fold
w/ invariant metric 9P,
Jldetlgp )l = det(g) 2/ 1det(ap, )] ds® = Tr((g~'dg)?)
> .
) 7 = [p_ [lic;dgis |det(g)| =2 e Trie)=3Tr(o)l)
Spectral descomposition for ¢
g =E(0,¢,v¢) diag(A1, A2, A3) E(6, ¢, )
The Jacobean, [
Hi‘i_'fj ('.f_(};_? = df do dy [ si]][:c'?f;":]‘ n,- ('/A,‘ {_/\1 = ,-\-3) (_/\1 = \;) (.‘,\2 = /\:,)l
4‘ .
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Rv(s') = p'jn€jims™ @ 5" g 2 <
g i i nn * 4X; = €jkXjS
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Why noncommutative geometry?

The concept of quantization brought two new ideas into the mathematical formalization of physics laws:

discreteness & noncommutativity

Gravity: Fundamental interactions
aravity-

» curvature of the spacetime

. » mediated by particle
~3 continuous nature

~ discrete nature
» framework: Riemannian diff.

r » commutative 3
geometry ~+ co ~+ non-commutative

Roberta A. Is

Noncommuta ometry and the BV formalism: the case of finite dimensional noncommutative manifolds

» framework: self-adjoint op.
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Noncommutative geometry and the BV formalism:
the case of finite dimensional noncommutative manifolds

Roberta A. Iseppi

Women at the intersection of mathematics and theoretical physics

February 2021

Roberta A. lseppi

Neoncommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifolds
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The concept of quantization brought two new ideas into the mathematical formalization of physics laws:

discreteness & noncommutativity

Gravity: Fundamental interactions

» curvature of the spacetime

: » mediated by particle
~3 continuous nature

~ discrete nature
» framework: Riemannian diff.

r » commutative :
geometry ~~ ~~ non-commutative

Goal: provide a unifying background ~~ Ildea: describe geometric objects in algebraic terms

Topology: loc. compact «~ comm. C*-alg.
e Gelfand
HaUSdorff SP  Neimark

I

N 25 Th. [43 I
o5 T
1

noncomm. +
topological sp. «~ noncomm. C*-alg.

Roberta A. Iseppi

Noncommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifolds

» framework: self-adjoint op.

i

A. Connes
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Why noncommutative geometry?

The concept of quantization brought two new ideas into the mathematical formalization of physics laws:
discreteness & noncommutativity

Gravity: Fundamental interactions
arawvity:

» curvature of the spacetime
~ continuous nature

» mediated by particle
~+ discrete nature
» framework: Riemannian diff.

SO ARG » framework: self-adjoint op.

~+ non-commutative

£

Goal: provide a unifying background ~~ Idea: describe geometric objects in algebraic terms N

A. Connes

Topology: loc. compact s - cOmM. C*-alg.  Metric: compact Riem. <~ canonical
ey elfand econstr, T

_— Hausdorff Sp gcimark ll r Spin manifold Eonrwes IZOOQI Spectra| trlple
-~ " - '
QO&EY Th 143] l b (C>=(M), 3(M, S), D, J, v)
1

I
noncomm. ¥ '
topological sp. «~ noncomm. C*-alg. noncom. mfd

noncom. spectral tr.
(A, H,D)

Roberta A. Iseppi

Noncommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifolds
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Why NCG can be interesting to study QFT?

spectral triple gauge theory Each spectral triples

(A, H,D) = (X0, 50, G) encodes a gauge theory
> A = unital *-alg., 4 = B(H)

> X = {-,o = Z!a,-[D. bj: e* = ,;} ~ conf. sp = inner fluctuations

» H = Hilbert sp. B S[D+ ¢l = THAD + ¢))., fe R[x ~ action func. = spectral action

» D:H — H = self-adj. op. » G = U(A) ~ gauge group = unitary elements in A

. Does all of this describe any physically relevant model? [A.H. Chamseddine, A. Connes,
: . M. Marcolli, '07]
~+ the Standard Model as an almost-commut. spectral triple:

M F

/ \;\

M = compact Riem. spin manifold
with

ectral tr with finite real spectral triple =~ -
- (FE Sl il (C & H & Ms(C), €%, Dsw, Jou, 15v)

Roberta A. Iseppi

F= finite noncomm. space

Noncommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifolds
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The BV construction and the BRST cohomology (Batalin-Vilkovisky, [1983]

Context: quantization of a gauge theory (Xo, So) via a path integral approach

<g> — %j\xo g-ef‘,sﬂ[d”] where i — [ e” dfi] Feynman diagrams

* path integral AW -1’ b

o W G M
expectation value partition function 5 :L.;_ 9 /- \/_
of a reg. funct. g on Xy

Problem 1: the measure is not well-defined ~+ perturbative approach with Feynman diagram

. i isg 1 ign(S)/ ‘(r)
Jx, &1l 22y 2pelarit. pts 5} O 00 | det S(x0)| "3 €% o) (27h) T Y TAary ®

Problem 2: the presence of orbits of critical points for gauge invariant action functional ~+ ghost fields

}

» non-existing fields

(%, So) Bt (X, 5)

5 = Xp U {ghost/anti-ghost fields} bosonic/fermionic.

S = Sp+ terms depending on gh./anti-gh. » auxiliary variables

orbits of G

Roberta A. Iseppi

Noncommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifolds
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Where we are:

Noncommutative geometry

(M,(C). ", D, (Awes Heots Dict, J) e et )

initial spectral triple / total spectral triple e al Hochschild cohomology
\ 4
- p % e
~ / =1 -
B Ve }_Ox (Hav,r ® Hau,r)
0
(Asv, Hev, Dy + D>, J)

BV spectral triple

| |

(X, 50) —— (65 —(Xeots Set) — (Kictly » Seotly) — C*(Xlw>dzlw)

initial gauge theory extended theory total theory gauge-fixed theory BRST-cohomology complex

BV construction & BRST cohomology

Noncommuta ometry and the BV formalism: the case of finite dimensional noncommutative manifolds
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Where we are:

Noncommutative geometry

1
(Mn('f_‘ ,C", D, f) (Aro:- Heots Diots J)

initial spectral triple / total spectral triple - § Hochschild cohomology
\ "

v (CHlAw, My), dy)

.

" y, e
Ea i v € 'F(;)l(o (HBV,f b Haux.f)
(Asv, Hev, Dy + D>, J)

BV spectral triple

|

(%, 50) —e (65 —(Xeots Set) — (Kictly » Siotly) — C*(Xlw>dzlw)

initial gauge theory extended theory total theory gauge-fixed theory BRST-cohomology complex

A

BV construction & BRST cohomology

Roberta A. Is

Noncommuta ometry and the BV formalism: the case of finite dimensional noncommutative manifolds
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OVERVIEW

Moller tree level Parity Violating Asymmetry calculations.
Kinematical dependence of Parity Violating Asymmetry.
Vacuum Polarization calculations using PV decomposition.
Renormalization of vacuum polarization using MSbar scheme.

Our future goals.

67.73x38.10 cm

\" Options ~

i v
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MOLLER SCATTERING

Open... ~ 2D O : : @ H | R Zoomin v ][ F[] 9% -@ D D. O &R g,
[TuesdayTaIk x[_ ' o S = e ' =

=) ¥

e +e& —>€ +e
Very clean process with extremely suppressed backgrounds.

Longitudinally polarized e~ beam strikes on un-polarized ¢™'s of liquid
Hydrogen target.

Weinberg mixing angle @y, is determined which becomes energy
dependent at higher loop order.

67.73x38.10 cm
\" Options ~ N < 3 of13 P M QI . -
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PARITY VIOLATING ASYMMETRY

Op — O,
R_L where: op « |[Mg|?and 6; « |M,|?

Formula: Apy =
(fR+O'L

For QED, |M,g| = |M,;|, numerator contains just weak+electroweak cross
terms.

Denominator contains just QED terms as m, (90 GeV)> m,_(0.5 MeV)

%> 2 2 2

3 (M7l — |Mzzl L+ IMz| g — IM,4I1
PV — 2 2
IM7r|R + IM‘/}'lZ

67.73x38.10 cm

\" Options ~
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P - 2sin’ 04,0, P 7
Combining all ingredients and using: a, = —————, a, = ———— , where @, = — l(¢7) and
! 2 sin HW CcOos Hu.:‘ !

Oy is the Weinberg mixing angle and electroweak charge: Qf, = 1 — 4sin® 6,
oY 2 f 1 . D A
16£-sin 8- (? — sin” 9“.‘)

Apy = ———————————
PV g sin2 0y cos? Oy(3 + cos? 0)>

V2Gp I

In terms of Fermi constant: =
3y .9 2
(0] mz sin= Gy, cos- Oy,

4E*Gpsin® 605,
FINAL RESULT: Apy= ———
vV 2ra(3 + cos

x38.10cm

\" Options ~

Pirsa: 21020038 Page 33/57



File Edit View

£ _ Open.. ~

2 OCR

Tuesday Talk - PDF-XChange Viewer - 0§

y Download PDF

Comments Teols Window  Help ‘{t’j Creation Tools

€ . - | @@ B | & Zoomin v| ] (] 39% - @ - g S O~ & & g,

[Tuesday Talk I

67.73x 38.10 cm

\" Options ~

SRRROPIPRRICO
t,

NEED TO INCLUDE HIGHER ORDER TERMS

Electroweak charge at tree level is: Qy, = (1 — 4 sin? Ow)

¥
At 1-loop level this is modified and becomes energy dependent at which the

measurement is carried out i.e, sin’f,, runs.
Results become more precise at higher orders.

1-loop level running of Q¢ is studied by considering vacuum polarization diagram.

Pirsa: 21020038

Page 34/57



= Tuesday Talk - PDF-XChange Viewer - g !

File Edit View Document Comments Tools Window Help @ Creation Tools
¢ lOpen.. ~ IR ) A ST e, )@ H - R Zoomin v ] || 9% @ D @ O - & &8 ¢

Tuesday Talk &

PHOTON VACUUM POLARIZATION

vy >y
e u T
¥ ¥ ¥
e U T
{1
_ D q+m K+gq+m
IL,=Tr ”d q(ze}d'.,,,)—q2 - (zey,) Kkt —m? + ...
h 49,4 1
B, = |d"q L7 Bybz[qu — BO=[qu and
J DD, D\D, D\D,
YdPq J' dPq
Ay = or
D, 2

n;w = (]6]?0’)“(#3” + kB, + 2B;.w = g,uvKa J Ba + gyvmlm’ZBO _ (AO(mlz)gyu + mlzBD)g;w]

v
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RUNNNING OF
ALPHA WITH k2 |

Large momentum transfer->a
increases (screening effect decreases)

Production resonance e.g. at k*= 70
GeV?, b-quark is produced (~4GeV)

Includes all SM particles
(fermion+quark families) in 1-loop.
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WHAT WE WANT TO DO NEXT?

Our next goal is to perform complete 1-Loop level calculations for Moller

Apy, using MSBar renormalization scheme.

By determining the running of electroweak charge (Qy,), willwtry to get more

precise value of 6y,

The consistency of these results could enable to search for the signals of
physics beyond the Standard Model.
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Slow decay of waves in gravitational =
solitons o
Women at the Intersection of Mathematics and hy
Theoretical Physics
k

y7a
p Sharmila Gunasekaran 4 Y
(joint work with Hari Kunduri) o
b

Department of Mathematical Sciences

University of Alberta
[arXiv:2007.04283 : to appear in Annales Henri Poincaré] 2
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X
Problem :
Quantitative behavior of solutions @ of [,® = 0 in the %
- 5 . : _ . 2 g
background of (M, g) (gravitational solitons)
i
1. “The what” : spacetime of interest and wave equation O
L | 4
A
2. “The why” : microstate interpretation and the stability question .
3. “The how” : quasimode construction to prove slow (logarithmic %
as opposed to inverse polynomial) decay
1/6 b
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B “The what” : (M, g)
@ B3
- . : 6=
® Gravitational solitons : smooth, globally stationary, AF
spacetimes with positive energy 2
® d =4 EM theories do not admit solitons [Lichnerowicsz/ 5
2 g
® solution to 5d supergravity theory :
g2 (m OF A%F — = F/\F/\A) (1) -
D = — *R)— 2F ANxF — —— ~
« 16 /s 3v3 JY
® sourced by a Chern-Simons term : P
2 ;
dxF=——FAF (2) P
V3 6
® R xSU(2) xU(1) isometry
* M =¥ xR; ¥ =CP*\ pt.
2/6 >
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o

1. ® - perturbation obeying [,® =0

2. In the context of the initial value problem in GR :

® $(0) and P.(0) given
® understand the evolution of ® i.e., ®(t)

3. From|a PDE perspective, we ask
® boundedness : E[®(t)] < CE[®(0)] ?
® decay : Eq[®(t)] < CH(t)E[P(0)] where 6(t) - 07

wE]

B
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The why” : microstate interpretation

@ and the stability question bo
=
D_
1. gravitational solitons : microstate interpretation in string theory P

2. Einstein equations :
R B,

R;w - EQ;W = ST'FT;:.I/ (‘3)
= S SR ,
Ry, ~ A (9%g,(9799)°) (4) 4
O
4 4
3. In wave gauge (say vacuum), o
k
Dg.@py — (2;11/(.‘7- 8@) (5) &
— coupled PDE with quadratic nonlinearities in dg P
i [+
4. Strategy :
1) study an appropriate linearization of EFEs
2) introduce nonlinearities
Hence, the first step is understanding [1,® =0

4/6 >
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G “The how” : trapping
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=)
D_
Trapping of null geodesics : 72 = V,.(r) %
B,
Vilr) Ve(r)
= 7 T - ny.
O
L | 4
A l:<
(a) Unstable (b) Stable (solitons) 2
(Schwarzschild) logarithmic decay k

polynomial decay

Stable trappink slows down decay of waves! [Holzegel-Smulevici, Keir,
Benomio]
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“The how?” : sketch of proof for slow decay

1. Null geodesics and waves

2. Quasimodes :
® there are time periodic bound state solutions
® can extended to the whole spacetime with a small error induced
due to the extension
® existence of such approximate solutions proves logarithmic decay
< = 5| ®(0) (6)

Result (sharp) : Eo|P(t) -
I |\( [‘ P EE{ ( — log(2 4+ t)

Open : BH-soliton configurations
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SIMULATING SPECTRAL TRIPLES
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INTRODUCTION:

» POoSTDOC IN VIENNA

» WORK ON CAUSAL SET THEORY
AND NON-COMMUTATIVE GEOMETRY
(HAVE A PAST IN CDT)

» CO-ORGANIZER OF THE
QUANTUM GRAVITY ACROSS
APPROACHES SEMINAR
SITES.GOOGLE.COM/VIEW/QG—AA

LisA GLASER
2ND FEBRUARY 2021
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QUANTUM GRAVITY ON THE COMPUTER

Recipe:

» Define your theory [ f(D)e_S(D) D[D]

= eSO DD

» Pick your observables

» Choose your algorithm

INGREDIENTS:

» Geometry, here the Dirac operator D and measure D[D]

» Functions of the geometry f

» Action S (in the physicists sense, an energy, part of the measure)

(Barrett, LG J.Phys. A49, 245001 (2016))
(LG J.Phys.A50 275201 (2017) )
(Barrett, Druce, LG J.Phys. A52, 275203 (2019))

1/5
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(GEOMETRY AS A SPECTRAL TRIPLE

» an Algebra A with action on H
(A, H, D) » a Hilbert space H
» a Dirac operator D acting on H

THE 'SOUND’ IS NOT ENOUGH

» {\,} = spec(D) is not enough, we need to know .A, algebra of
functions on the space (drum)

» For manifolds A is commutative, can generalize to
non-commutative

(A. Connes, Int.J.Geom.Meth.Mod.Phys. 5, 1215-1242 (2008))
(more detail e.g. A. Connes, Commun.Math.Phys. 182, 155-176 (1996))

2/ 5
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(GEOMETRY AS A SPECTRAL TRIPLE

» an Algebra A with action on H
(A, H, D) » a Hilbert space H
» a Dirac operator D acting on H

AXIOMS OF NON-COMMUTATIVE GEOMETRY *
» F a faithfull action A in H
» 7 is a bimodule over A (there is a left and a right action of A in H)
» First order condition [[D, a>],<b] = 0 for a,b € A

“Abridged version
(A. Connes, Int.J.Geom.Meth.Mod.Phys. 5, 1215-1242 (2008))

(more detail e.g. A. Connes, Commun.Math.Phys. 182, 155-176 (1996))

2/ 5
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NON-COMMUTATIVE DISTANCE

Distance measure in non-commutative geometry

(A. Connes, Noncommutative Geometry. (Academic Press, 1994))

d(wi,wz) = sup {|wi(a) — w2(a)] - |I[D, 2]l| = 1}

EXAMPLE:

Calculate distance between points x, y from function f

I
I
I
I
I
I
I
|
Y
P A
I C u

I y I
figure from
(W.D. van Suijlekom "Noncommutative Geometry and Particle Physics" Springer
(2015))
3/ 5
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NON-COMMUTATIVE DISTANCE

Distance measure in non-commutative geometry

(A. Connes, Noncommutative Geometry. (Academic Press, 1994))

d(wi,wz) = sup {|wi(a) —w2()] - |IID, 2]l = 1}

EXAMPLE:

Calculate distance between points x, y from function f

I
1
I
I
|
I
|
1
Y
—_—— e f—
) )

,i‘k iy T
figure from
(W.D. van Suijlekom "Noncommutative Geometry and Particle Physics" Springer
(2015))
3/ 5
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NON-COMMUTATIVE DISTANCE

Distance measure in non-commutative geometry

(A. Connes, Noncommutative Geometry. (Academic Press, 1994))

d(wi,wz) = sup {|wi(a) — w2(a)] - |IID, 2]l = 1}

IDEA:

If we can calculate this numerically we can plot our geometry!
Maybe we can see a difference between the two Dirac operators?

AIM:

Find states of small dispersion, then use the distance between states of
small dispersion to build a picture of M.
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A PICTURE OF GEOMETRY

The truncated sphere at A =5

» run the algorithm to

P . 10 generate a set of states
le TG and their distance
0.5 matrix
d @
y gt ® . 0.0 » use graph embedding
2 ° ' algorithm to find a
*ol e * 0.5 locally isometric
e @ .
. : V. 410 embedding
o e 4 B » be sad that pdf
: . 0% presentations don't deal
1.00' 5 7 0.0 well with gif images
0.0 0“) 2 —0.5
| 1.0-1.0
4/ 5
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FUTURE PLANS

WHAT DO I WANT TO DO?

» Explore more geometries
» More visualisations:
try using wider range of a
use algorithm on other spectral triples

» spectral triples as matter in other QG approaches?
(e.g. causal sets)
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