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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 p— Quantum —) Class%cal
Gravity ~ Geometry GR

Geometry Algebra

Topological space Coordinate algebra
(not required commutative)

Ditferentiable 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.

ey i : i -No commutativity needed. %
C* (A-f) = (M) C Q(ﬂ[) = @;} Q ‘(*"U) -Exterior product noncommutative.

I
- G space of 1-forms (‘differentials’) + Q' asbimodiile
-dx commute

1((db)e) = (aldb))e
fdg = (dg)f € 0! a((db)c) = (aldb))c

-Leibniz rule 4
d(ab) = (da)b + a(db)

-Leibniz rule
d(fg) = (df)g + fdg
L B + ‘Surjectivity’ condition
+ Exterior product with graded Leibniz rule Q! = span{a(db)|a,b € A }
dwAn) = (dw) An(—1)“w A dn ol
g =10 | "

* This has to extend to a DGA

* A first order differential
calculus (A.d, 0L
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Inverse, bimodule inner product ( , ) : Q2! @, Q! — A

» Connection (left & right)

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

» Where generalised braiding

4 Torsion, Tv : Q' — Tv = AV

4 Metric compatibility: and Torsion free:

V(g)=0 Ty =0

4+ Curvature: Ro: M P4 Q. Re=(d

Ricci € O Ry P

Rica: SE
) Ricci € A

» Scalar curvature
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Fuzzy Sphere Q
Ap N
> Algebra Pl arnL

—-—-_____..—-—'
[:FI', ;I.‘j] = QiApE-,jjk,;l‘-k scale

S

C»[8?] = U(suz)/(X; 23 — (1 = A2))

="’ @6 %
. i _— » Calculus Q0 = {Sl. 52,53-},
» Where generalised braiding, .
s * [s"x]=0
o(s®s) =5 R +...
! J J B —
» Curvature, > :‘ . s s'As +5 As'=0
Ry(s')=p in€jimS & § 2 p
o : G t mn = d.l';‘ = G;f_jk_.l'j §
R-mn = 0 in€iim, S = 2 jn€jimy4
o ds' = —1gjrs A sk
» Scalar curvature
» QLC uniciue, " . any metric
R Constant
+
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» The metric in the 3x3 positive definite symmetric matrices Ps — GL3(R )
/ Riemannian manifold

And, +— Lebesgue measure «———— Line element ' ! ‘
- w/ invariant metric 9P,
VI det(ep,)] = | det(g)] -2 |det(gp, )l ds? = Tr((g~'dg)?)

w7 = [p Tlic;dgi; |det(g)| =2 e~ & (Tr(@)=5Tr(a))

Spectral descomposition for ¢
g = E(0,¢,v) diag(Ar1, A2, \3) E(8, ¢, )

The Jacobean, A

[T, dgi; = d8 do dy | sin(e)| TT; dXi [(A — A2)(As — As)(Az — Ag)]

F

‘:Qj Queen Mary
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> The metric in the 3x3 positive definite symmetric matrices P3 — GL3(R)/O3(R)
/ Riemannian manifold

And, «— Lebesgue measure «——— Line element ' ! ‘
w/ invariant metric 9P,
I det(gp, )l = |det(g)] 2 | det(gp, )| ds? = Tr((g~'dg)?)

AR ’7—7_; H-igj dgi; |det(g)|~? e~ (Tr(g®)=3Tr(9)?)

Spectral descomposition for ¢
qg= ]_'1{9 @, 'EI_',I":)rd.ng(lA] A2, A3 )L(H Q, 'l"‘)

The Jacobean, S

Hi-x‘f;‘ (ff_(},‘_?‘ = df do dy | Hill[i r}‘fi':]‘ n«' (']/\,‘ {_1\1 = ;\-3) (/\1 . /\;;_) (/\_) s /\g)l

‘;(;L-' Queen Mary

NSTITUTE University of London

PERIMETER

Pirsa: 21020038 Page 8/57



Perimeter WIMTP.pdf - Adobe Acrobat Reader DC —_ X
File Edit View Sign Window Help

Home Tools JPhysASe... 1711.00... 1401.06... 1305.24... 0604132... 0604130... Schedule ... Edwin Be... fuzzyVer... Perimeter... X

AR MO ® nw- B F B 7 ¢

o

w B B Q @ ©® 5

Fuzzy Sphere Q
Ap
» Algebra - Plarnk
7 [‘TI‘, 'l-‘j] = ‘2':.)\1,6.,;1;‘,;7:;, scale d
» Connection , . ; G
——— C5[87] = Ulsua)/(X; 23 — (1 - X2)
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3 = L }' CalCIﬂus !Zl = {sl. .'2.33},
» Where generalised braiding, - :
- * [sx;]=0
‘;J) — ‘I-,'J ! it
» Curvature ‘ _ s Ay £ NS =0
RV(S! ) = PI_;'H €jim s Q@ s K 4
o * dXi = X
R-mn = P n€iim, 5= p._;n(_n'n.'.q . .
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+
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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

» curvature of the spacetime

: » mediated by particle
~+ continuous nature

~+ discrete nature
» framework: Riemannian diff.

eometr » commutative :
g : ~~ non-commutative

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, Iseppi

Noncommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifalds
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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
» curvature of the spacetime
~+ continuous nature

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

eometr » commutative >
g : M y ~+ non-commutative

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

Roberta A, lseppi

Nencommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifalds

» framework: self-adjoint op.

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

» curvature of the spacetime
~+ continuous nature

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

r » commutative 2
geometry ~~ ~~ non-commutative

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

Topology: loc. compact e - cOmM. C"-alg.
S ——— Gelfa

HaUSdDrfr Sp Neimark

|

1 P e T 3 |
i b Th. 3

905w o

1

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

Roberta A. lsep

Noncommutatiy ometry and the BV formalism: the case of finite dimensional noncommutative manifalds

» 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

» curvature of the spacetime o » mediated by particle

~ continuous nature ~+ discrete nature

» framework: Riemannian diff.

framework: self-adjoi :
geometry ~~ commutative ¥ namemtie Sei-aisiot ge

~+ non-commutative
Goal: provide a unifying background ~~ Idea: describe geometric objects in algebraic terms L

A. Connes

Topology: loc. compact «~ comm. C"-alg.  Metric: compact Riem. canonical

Gelfand Reconstr. Th
C

onnes [2008] Spectra| trlple

- Hausdorff sp  Neimark : spin manifold
- s v
QOE&w Th 193] b (€™ (M), 2(M, S), D, J,~)

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

(A, H, D)

Roberta A, lseppi

Noncommutatis ometry and the BV formalism: the case of finite dimensional noncommutative manifalds
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Why NCG can be interesting to study QFT?

spectral triple gauge theory Each spectral triples
(A, H,D) (Xo.50,G) encodes a gauge theory

» A = unital *-alg., A > B(H) > X = {-,c = Z! a[D, b : ¢* = ,;} ~~ 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 .4

. Does all of this describe any physically relevant model? [A.H. Chamseddine, A. Connes,
K M. Marcolli, "07]

~+ the Standard Model as an almost-commut. spectral triple:

M F
/ \n.

M = compact Riem. spin manifold F= finite noncomm. space
with canonical spe tripl with finite real spectral triple

- (CZ(M)., L*(M, S), Dus, I, ym) (C & H @ Ms(C),C*, Dsm, Jsm, Ysm)

Roberta A, lseppi

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

— 1 £S5 o & Vv 2
<g> = F fxo gen v [dﬂ] 3 Where i -[Xg eh S0 [dﬂ]- N . Feynman diagrams
i path integral R U it i, 5 L ST
expectation value partition function
of a reg. funct. g on Xy

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

i i ’ -1 Zisign(sy \(r)
Sio 1] o Fgcerc g 53y 5509 [det SY(0)|F ¥ 0N 2y T 3 fox 0

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

}

» non-existing fields

(X, Sp) B comtruction, (5 3y

i( = Xp U {ghost/anti-ghost fields} bosonic/Fermionic.

S = S5p+ terms depending on gh./anti-gh. » auxiliary variables

orbits of G

Roberta A, lseppi

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

Noncommutative geometry

(Mn(l._‘). Cn. D f) (-Arux- erh Dlat: J) ¥ 4 (C;(A'U JMW)- dH)

initial spectral triple / total spectral triple - Hochschild cohomology
d =1 ~

- Ve -Fox (HBV.f ® Han.\r.f)

. ol

(Asv, Hpv, D1 + D3, J)

BV spectral triple

L |

(%,5) — (68) —o (Kiors Ste) — (Kikly s Swly) — C*Klws dsls)

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

BV construction & BRST cohomology

Roberta A, lseppi

Noncommutativ ometry and the BV formalism: the case of finite dimensional noncommutative manifalds
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Where we are:

Noncommutative geometry

X
(M,(T),C", D, ) (Atot, Heots Deot, J)

initial spectral triple / total spectral triple g Hochschild cohomology

v (CH{Ay. My), dy)

Py \\" -
a Ve }'5; (Hav.r® Haux.1)
(Agv, Hev, D1 + D», J) o

BV spectral triple

| |

(%,5%) — (38 —o(Xiors See) — (Kikly » Swcly) — C*Klws dsl)

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

BV construction & BRST cohomology

Roberta A, lseppi

Noncommutative geometry and the BV formalism: the case of finite dimensional noncommutative manifolds
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MOLLER SCATTERING AND VACUUM POLARIZATION
CALCULATIONS USING THE MSBAR SCHEME
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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.
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V" Options ~

Pirsa: 21020038 Page 29/57



| Tuesday Talk - PDF-XChange Viewer - 9 IS
File Edit View Document Comments Tools Window Help @ Dowpinsd FOE

Creztion Tools

Open... ~ 2 @ D e 9 - - _ } JI@ B ® FZoomin v ] || 0] 39% ~ @ O g T DO~ - & &

L ol 7 ¥ - 5 et 2 ) ¥ b, b "‘;
[TuesdayTaIk X [ B

MOLLER SCATTERING ‘

g 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.
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PARITY VIOLATING ASYMMETRY |
Op— O
Formula: Ap, = ——=, where: og  |Mg|? and o, o« |M,|?
Op + o
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 2
3 \Mzzl g — IMzz\L + IM g — IM,Z|L
e
IMy‘,*|R + IMy,flf,
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Combining all ingredients and using: 4, = —————, a, = ———— , where 0, = — l(¢7) and
2sin@ycosBy 7 2sinfy cos by !
Oy is the Weinberg mixing angle and electroweak charge: Qf, = 1 — 4sin® 6,
16E2 sin 62 (% — sin* )
S e e
m3 sin® Oy cos? Oy (3 + cos? 0)?
. : 1
In terms of Fermi constant: ——— = T
o mz sin- By, cos= Oy,
4E*Gsin® 6005,
FINAL RESULT: Appy=————
V2#a(3 + cos? 0)?
~ 67.73x3810cm o g
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NEED TO INCLUDE HIGHER ORDER TERMS

+ Electroweak charge at tree levelis: Q;, = (1 — 4 sin? Ow)

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

. - . =5
measurement is carried out i.e, sin“0y, runs.

* Results become more precise at higher orders.

* 1-loop level running of Q¢ is studied by considering vacuum polarization diagram.
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J D >
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'/\’2 D 2 .
Byk*,m*,m°) =2 +—
€
|
take € — > 0 (except —)
&
¥
, mfmf -+ f'nfn-rﬁ + mﬁmf n;—’ mf 3 ’ >
= — +log | —| +log +—+k'+3log—
SmZm2m? m? m? € m2
~ 67.73x3810cm -
} ! Options ~ T

Pirsa: 21020038 Page 36/57



i Tuesday Talk - PDF-XChange Viewer

File Edit View Document Comments Toels Window Help

£ _ Open.. ~ o

N v e R .

*, ZoomIn ~ 14

[TuesdayTaIk 2 [—

a2
m,

o H(p?) =— 5+1log |—=| +log

3z ms

5 a m,;
Mu)=—-——1|5+log | —| +log
3r m?

. e”

e Running of charge (@ = —):

4r

a‘ﬂ{ﬂz) — (MSBar scheme)

a
1 —TI(u?)

© 67.73x38.10 cm

V" Options ~

Pirsa: 21020038

MSBAR SCHEME AND RUNNING OF CHARGE
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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

Women at the Intersection of Mathematics and
Theoretical Physics

Sharmila Gunasekaran
(joint work with Hari Kunduri)
Department of Mathematical Sciences

University of Alberta

[arXiv:2007.04283 : to appear in Annales Henri Poincaré]
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Problem : a
Quantitative behavior of solutions @ of [,® = 0 in the %
v . . " £
background of (M, g) (gravitational solitons)

y74
1. “The what” : spacetime of interest and wave equation O

4 4
2. “The why” : microstate interpretation and the stability question 5
3. “The how” : quasimode construction to prove slow (logarithmic %

as opposed to inverse polynomial) decay

1/6 R
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what” : (M, g)

18
[V

®

Gravitational solitons : smooth, globally stationary, AF
spacetimes with positive energy

d = 4 EM theories do not admit solitons [Lichnerowicsz/
solution to 5d supergravity theory :

) 1 8
S = *R—2FNAN«F ——FAFANA
16.;\J<m 3v3 )

sourced by a Chern-Simons term :

2
dx«F=—-—=FAF
V3

R x SU(2) x U(1) isometry

M =¥ x R; ¥ 2 CP?\ pt.
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5 ; &
G “The what” : wave equation
@ B
E
1. ® - perturbation obeying [,® =0 B
2. In the context of the initial value problem in GR :
B
by fn
y74
4 4 O
" %o 2
® $(0) and ®.(0) given Z
® understand the evolution of ® i.e., ®(t)
%
3. From a PDE perspective, we ask
® boundedness : E[®(t)] < CE[®(0)] 7
® decay : Eq[®(t)] < Co(t)E[®(0)] where 6(t) - 07
3/6 >
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