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Result 1: The graph displays clusters from k-means 
clustering using Transient data.

Result 2: The 3D graph displays anomalies using 
Events data.
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Methods and Tools

Background: In this study, we explore gravitational wave processes by utilizing the GW Transient Catalog and 
Events dataset. Our primary goal is to democratize data analysis in astrophysics by employing low-cost 
machine learning tools. By doing so, we aim to make these advanced analytical methods accessible to 
researchers who may not have access to high-end computational resources. This approach encourages 
broader participation in astrophysics research and fosters innovation in the field.

Python Machine Learning

Limitation: Missing or incomplete data can skew results and lead to inaccurate interpretations. Additionally, 
the high dimensionality of the datasets complicates the identification of meaningful patterns or anomalies, as 
many algorithms struggle to effectively process and visualize such complex data structures.
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One can ask if a geometric t ransit ion can replace the
sourcewith topology. Weconsider a more suitable choice
of coordinates, (φ = χ − 1

k β, y = Ryβ) to study the
orbifold of the near-bubble metric (2.1) [18],

ds24 = d⇢2 + d✓2 + sin2 ✓⇢2
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β = ⇢2 + sin2 ✓. (2.3)

The space is an S1β -bundle over a three-dimensional base
given by (⇢,✓, χ). At ⇢= 0, the χ-circle shrinks and
(✓, Dβ) forms a S2/ Zk bubble.
Theconnect ion of theS1β -bundlehasmonopolecharges

k at the north pole, (⇢= 0,✓= 0), and − k at the south
pole, (⇢= 0,✓= ⇡ ). Each pole corresponds to a single-
center Gibbons-Hawking (GH) space, R4/ Zk , with charge
k. The orbifold singularity can be classically resolved by
split t ing theGH center into k centersof chargeonewhere
the β-fiber shrinks. There are two-cycles between any
two centers and the singularity is replaced by a smooth
space with k − 1 bubbles. They exist in a limit where
their characterist ic size is much smaller than the original
bubble.

Figure 2: Schemat ic descript ion of a generic topological star.

Our one-bubble solut ion is a highly symmetric space-
t ime that highlights a much richer space of states via the
classical resolut ion of its orbifold singularity (see Fig.2).
We can turn on magnet ic fluxes along each small bubble.
We expect large degrees of freedom on the fluxes while
fixing the conserved charge which implies a larger class
of mult i-bubble solut ions without spherical symmetry.

3. T he B lack St r ing

When rS > rB , the first coordinate singularity is the
horizon at r = rS. It has a S1⇥S2 topology where the S2
has a radius rS while the S1 has a radius

p
r S− r Bp r S Ry .

The coordinate singularity at r = rB is hidden behind
the horizon. In this region, the spacelike Killing vector
@y shrinks, thereby defining a bubble behind the horizon.
The causal st ructure of the spacet ime is depicted by the
Penrose diagram Fig.3.

Unlike(2.1), thisbubble isa t imelikesurfaceand sitsat
theorigin of a two-dimensional Milnespace [19] described
by the (⇢, y) subspace. It is defined as the quot ient of
R1,1 by a boost γ2 = r S− r B

4r 3B
R2

y , and corresponds to cones
in R1,1 connected at their t ips. The spacet ime has no
curvature singularity or closed t imelike curves. However,
geodesics with y-momentum are singular and experience
a Cauchy horizon. Geodesics without y-momentum can
be uniquely extended past the t ip of the cone. This sug-
gests that if we rest rict to energies and part icles bellow
theKK scale, wecan connect two of theblack holegeome-
t ries in Fig 3 by ident ifying their bubble regions. This
describes a new class of possibly stablewormholes bellow
the KK scale, and deserves further study.

Figure 3: Penrose diagram of the black st ring.

From an external four-dimensional perspect ive, we
have a magnet ic black hole of mass and charge given
by (1.9), its horizon is at r = rS and its ent ropy is
2
4 S = 8⇡ 2

p
r 3S (rS − rB ) .

In the limit rB ! rS, the bubble approaches the hori-
zon and the solut ion is an ext remal black st ring when
rB = rS = m. Considering r = ⇢2 + m, the metric is

ds2 =⇢2 ⇢2 + m − 1 ⇥− dt2 + dy2
⇤

+ ⇢− 2 ⇢2 + m 2 ⇥4d⇢2 + ⇢2 d⌦22
⇤

.
(3.1)

The near-horizon region, ⇢ ! 0, corresponds to an
AdS3⇥S2. The radius of the AdS3 and the S2 are 2m
and m respect ively.

4. Phase Space

Weconsider the phase space of spherically-symmetric so-
lut ions with fixed ADM massM , charge Qm and radius
Ry . The solut ions are given in terms of two parameters
(rB , rS) related to (M , Qm ) as in (1.9). In general, there
are two solut ions for (rB , rS) given (M , Qm ). In Fig.4,
we plot the ranges for when topological stars and black
st rings exist . On the same plot , we include the allowed
range for magnet ic Reissner-Nordst röm black holes (RN)
in four dimensions. Note that it is not a solut ion of (1.7)
and must be seen as an illust rat ive comparison. Its hori-
zon radius is 8⇡RR N = 2

4

⇣
M +

p
2
4M 2 − 32⇡ 2Q2

m

⌘
.

For small mass (region (2) in Fig.4), both solut ions
of (rB , rS) correspond to topological stars. However,

Bah, Heidmann PRL 2021TS ringdown

BH ringdown
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Gravitational waves from compact binary systems
beyond General Relativity via Effective Field Theory

Nicola Bartolo, Pierpaolo Mastrolia, Matteo Pegorin, Angelo Ricciardone

! Computing gravitational waveforms

! (also) in theories beyond General Relativity*

! via Effective Field Theory .

*caveats may apply.

matteo.pegorin.1@phd.unipd.it GraSP24 - Gravity Shape Pisa 2024, Pisa

mailto:matteo.pegorin.1@phd.unipd.it
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Non-adiabaticity of gravitons during inflation
Cosmological Gravitational 
Wave Background (CGWB) 
generated by the quantum 
fluctuations of the metric 

two independent degrees of 
freedom


 (two polarizations of the tensor 
perturbations)

Any CGWB generated by the quantum fluctuations of the metric during inflation has an 
intrinsic non-adiabatic perturbation, even in single-field models of inflation. 

Alina Mierna, PhD Student, 
Università degli Studi di Padova
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A novel numerical library for �-matter interaction 
rates in Binary Neutron Star Mergers

Chiesa L., Bhattacharyya M., Mazzini F., Guercilena F.M., Perego A. and Radice D.

Boltzmann
equation

Energy and momentum
exchange with matter

Energy and momentum
exchange with matter

Post-merger remnant
stability

Post-merger remnant
stability

Disk matter ejectionDisk matter ejection

n-to-p ratio  r-process
nucleosynthesis

n-to-p ratio  r-process
nucleosynthesis

Neutrino-powered
sGRB jets

Neutrino-powered
sGRB jets

⇥ luminosities and⇥ oscillations

⇥ luminosities and⇥ oscillations

Neutrinos in Neutron Star Merger simulations

BNS_NURATESBNS_NURATES

A new numerical library for the computation 

of detailed �-matter interaction rates in 

BNS merger simulations
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CAN YOU SPOT 
THE DIFFERENCE?

PRECESSION RESONANCE IN A HIERARCHICAL 3-BODY SYSTEM IN A STRONG GRAVITY REGIME

Strong gravity

Weak field
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Importance of Noise Filtering for Improving the False Alarm Rate in 
Gravitational Wave Events

Evdokia C. Koursoumpa

This work is part of a research group's effort to evaluate the sensitivity of the AresGW code to detecting gravitational wave s in real-noise data. 

New Gravitational Wave Discoveries Enabled by Machine Learning
𝐴𝑙𝑒𝑥𝑎𝑛𝑑𝑟𝑎 𝐸. 𝐾𝑜𝑙𝑜𝑛𝑖𝑎𝑟𝑖1, 𝑬𝒗𝒅𝒐𝒌𝒊𝒂 𝑪.𝑲𝒐𝒖𝒓𝒔𝒐𝒖𝒎𝒑𝒂𝟏, 𝑃𝑎𝑟𝑎𝑠𝑘𝑒𝑣𝑖 𝑁𝑜𝑢𝑠𝑖2, 𝑃𝑎𝑟𝑎𝑠𝑘𝑒𝑣𝑎𝑠 𝐿𝑎𝑚𝑝𝑟𝑜𝑝𝑜𝑢𝑙𝑜𝑠1, 𝑁𝑖𝑘𝑜𝑙𝑎𝑜𝑠 𝑃𝑎𝑠𝑠𝑎𝑙𝑖𝑠3, 𝐴𝑛𝑎𝑠𝑡𝑎𝑠𝑖𝑜𝑠 𝑇𝑒𝑓𝑎𝑠3, 𝑎𝑛𝑑 𝑁𝑖𝑘𝑜𝑙𝑎𝑜𝑠 𝑆𝑡𝑒𝑟𝑔𝑖𝑜𝑢𝑙𝑎𝑠1

1𝐷𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝑜𝑓 𝑃ℎ𝑦𝑠𝑖𝑐𝑠, 𝐴𝑟𝑖𝑠𝑡𝑜𝑡𝑙𝑒 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 𝑜𝑓 𝑇ℎ𝑒𝑠𝑠𝑎𝑙𝑜𝑛𝑖𝑘𝑖,54124 𝑇ℎ𝑒𝑠𝑠𝑎𝑙𝑜𝑛𝑖𝑘𝑖,𝐺𝑟𝑒𝑒𝑐𝑒 2𝑆𝑤𝑖𝑠𝑠 𝐷𝑎𝑡𝑎 𝑆𝑐𝑖𝑒𝑛𝑐𝑒 𝐶𝑒𝑛𝑡𝑒𝑟,𝐸𝑇𝐻,𝑍𝑢𝑟𝑖𝑐ℎ,𝑆𝑤𝑖𝑡𝑧𝑒𝑟𝑙𝑎𝑛𝑑 3𝐷𝑒𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡 𝑜𝑓 𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑐𝑠,𝐴𝑟𝑖𝑠𝑡𝑜𝑡𝑙𝑒 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 𝑜𝑓 𝑇ℎ𝑒𝑠𝑠𝑎𝑙𝑜𝑛𝑖𝑘𝑖,𝐺𝑟𝑒𝑒𝑐𝑒

8 new BBH low-SNR candidate events, not previously reported, the 
first to be identified by a machine-learning pipeline, AresGW.
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