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Introduction and motivations

The cosmological point of view

« 'The inflationary scenario is the current paradigm of early universe cosmology, as it
otfers a successtul solution to several problems (flatness, horizon, structure formation...),
but it doesn’t address the singularities matter.

- Bouncing cosmologies, like the Big Crunch/Big Bang scenario or the Ekpyrotic (cyclic)
scenario, are more ambitious as they admit cosmological singularities.

 Besides the “origin of the universe” issue, spacetime singularities are anyway an open
problem in General Relativity: the theory breaks down at the Planck scale and quantum
gravity is needed.
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Introduction and motivations

How do we study the Big Bang?

+ Conceptual issues:
o Is it the beginning of time?
o If there i1s a bounce, how are the information
before and after the singularity related?
- How do we define observables and the S-matrix?

«  We want to construct toy models capable of reproducing a spacelike singularity which
appears in a certain region of space at a specific value of the time coordinate and then

disappears.

String theory, as a promising candidate for a theory of quantum gravity, is supposed to
provide a satisfactory description of Big Bang type singularities.



N The NBO

The geometry of the NBO/1

The NBO is defined on (M?/T) ® RP where T is the subgroup of ISO(2,1) whose generator in
lightcone coordinates is the Poincaré Killing vector k = 2miAJ o with k3 = 0.

T~ T
z? ko 2 +n(2nA)x~

zt |zt +n2rA)z? + n?(2rA)2z
X X

Spacetime points are identified as z = , n € Z.
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Scattering amplitudes divergences

Scattering Amplitudes and Divergences: Closed Strings

Among the various issues which we can encounter when dealing with strings on time-
dependent backgrounds, the most urgent of this model concerns interactions.

It was shown that the four tachyons closed string 2 — 2 tree-level scattering amplitude, the
analogous of Virasoro-Shapiro amplitude in flat spacetime, exhibits unusual divergences in
a specific kinematical regime (the Regge limit of high energy and small fixed angle):

qNCX) d
closed q 4—a'p?
A4T ~J / —q 1t

[H.Lzn, G.Moore, N.Seiberg (2002) - M.Berkooz, B.Craps, D.Kutasoy, G.Rajesh (2005)]

which is divergent when o'p?, < 4.
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Scattering amplitudes divergences

Scattering Amplitudes and Divergences: Open Strings

This pathological behaviour has been interpreted in the literature as “#he result of a large gravitational
backreaction of the incoming matter into the singularity due to the exchange of a single graviton”.
[H.Lzn, G.Moore, N.Seiberg (2002) - M.Berkooz, B.Craps, D.Kutasoy, G.Rajesh (2005) - L.Cornalba, M.S.Costa (2005)]

But if we perform an analogous computation for the four tachyons open string “Yeneziano”
amplitude we find:

E (i(l =2
AZ%en ~ / mql “PLe tr ({T17 T2}{T37 T4}) ) [AA, R.Finotello, I.Pesando (2020)]

which is divergent when o’ e, <1l

Our claim is therefore that string perturbation theory fails, but the nature of the divergences is not
strictly related to a gravitational backreaction, since here we are dealing with open string at tree level.
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The NBO

The geometry of the NBO/2

r =u
“Good” NBO coordinates r? = Auz

et =v+ 2 A%u2?
New metric ds* = —2dudv + (Au)?(dz)? + dz?
New identifications (u,v, 2z, %) ~ (u,v, z + 27n, T)

What happens if we study simple effective QFT models on this background?
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The NBO

Scalar QED on the NBO

SSQED — dD TN\ — det ( D“¢ u¢ — M2¢*¢ - ifl“/ f,uz/ - _|¢‘4)

with  D,¢p= (0, —iea,)p fuv = Ouay, — Oyay,

First we derive the eigenfunctions of the scalar d’Alembertian, which near the singularity 4 = 0 reads:

d(u) 1 et with € ~ 1%, where [ is the discrete momentum

\/ |u| assoclated to the compact direction Z.

Now if we compute the interaction contact term of N scalar ¢; and consider the specific case where all
[; = 0, we obtain:

This result is technically not integrable for N = 4.

1solated zeros due to the discrete momenta) does not allow

An / du |u|—%+1 The absence of a continuous exponential term (the C;’s have
u~0

for a distributional interpretation of Ay near the singularity.



The NBO

The origin of the divergences/1

* We have shown that fourth and higher order contact terms are ill defined and we
therefore claim that the root of the divergences lies in the non existence of a
well-defined underlying effective QFT.

* If we think of String Theory as a UV completion of QFT amplitudes, we expect to find
analogous behaviours in the string scattering amplitudes.

* That’s exactly what happens, for example, with the open string 3-point amplitude with
two tachyons and the first massive state, since it may be divergent when some physical
polarizations are chosen and all discrete momenta [; = O:

opeNn ]'
AT / u s tr ({10, Ty M)

[AA, R.Finotello, I. Pesando (2020)]
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The NBO

The origin of the divergences/2

* We found an analogous result on the boost orbifold (BO).

* The gravitational backreaction may however reappear at the one loop level in the open
string case.

* A recent analysis of these models at the quantum mechanical level suggests that the full
Hamiltonian theory is well-defined. [7Pesando (2022)]

* Is it possible to recover a meaningful perturbative formulation on this background?
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The role of noncommutativity

Seiberg-Witten Map

Inspired by the resolution of some static orbifold singularities, we add a Kalb-Ramond background B-field:

1 :
S = y— / d?c (9ur Bzt 0z — 27rz'a’e“bBM,,8aaz“6baz”) with B = B_ydz~ A dz>.
>
Applvi h : : 1 — G+ 0 i .
pplying the Seiberg-Witten map (0+ 27/ B)p o we get:

0 -1 0 0 0 0
G =1-1 —(27a'b)? 0 6" =10 0 (2ma’)?b with b=DB_,.
0 0 1 0 —(@2ra)?% 0

In the decoupling zero slop limit o = 0 with b ~ (Oz’ )_2:
e 0= (2ma’)?b stays finite

* GW =nH (after a coordinate change)

* Boundary propagator: {(z"(7)z"(7")) = —a'G*"log(7 — )% + %HWG(T —7')
12/17



12/17

The role of noncommutativity

Noncommutative QF T

In the ordinary QFT, the N-point scalar function reads

AN oc/ du u|~2 1
u~0

In the noncommutative QF T, the N-point scalar function reads

N 81 with f(p_;) a combination of the continuous
-2 Z— 3 3

AN X / . du fu[~=2 " e momenta p_; along the u direction
unrv

This means that we are avoiding the presence of 1solated zeros and therefore noncommutativity
makes plausible the interpretation of Ay as a distribution: in particular, this integral satisfies
the properties of distributionally integrable functions detined by R.Estrada and J.Vindas in 2012.
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Time-Dependent Orbifolds

Time-dependent orbifolds: the other models

Up to ISO(2,1) conjugations, there exist only four different M® time-dependent orbifolds:

Orbifold Generator
Boost (BO) 2miAJ
Null-Boost (NBO) 2miAJ 4o

Shifted-Boost (SBO)

27T?:(AJ_|__ + RPQ)

O-Plane (OPO)

27T’Z:(AJ_|_2 + RP_)

[L.Cornalba, M.S.Costa (2005))

Future

Right

Past

The Boost Orbifold



% Time-dependent orbifolds are useful toy models to reproduce and study
cosmological singularities

** The origin of the unexpected divergences which appear in string scattering
amplitudes can be traced back to the failure of the standard Feynman diagrammatic

approach of the underlying effective QFT

% The noncommutative QFT which arises as a decoupling limit after the introduction
of a B-field seems promisingly well-defined
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Conclusions and Outlooks

Understand and define better the noncommutative QEFT 144, LPesands, R].Szabo (2023)]
Extend this singularity resolution to the other time-dependent orbifolds

Discuss the relation of the noncommutative QFT with different decoupling limits
which lead to Noncommutative Open String Theory (S-duality? OM theory?)

Verify if we can recover a full string perturbation theory in presence of the B-field,
even beyond tree-level
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