
AI/ML in Cosmic Exploration: Advanced Challenges
AI And ML  ·  Answer Key  ·  8 Questions

1. Which ML technique is most effective for identifying faint exoplanet transits in
noisy photometric data from instruments like Kepler and TESS, where subtle dips in
stellar brightness signal planetary passage?

A) K-Means Clustering

B) Support Vector Machines (SVMs) with kernel tricks
C) Principal Component Analysis (PCA)

D) Naive Bayes Classifier

2. When applying deep learning to analyze gravitational wave signals from black hole
mergers (e.g., LIGO/Virgo data), what type of neural network architecture is most
suitable for capturing the transient, oscillatory nature of these signals and
distinguishing them from terrestrial noise?

A) Convolutional Neural Networks (CNNs)

B) Recurrent Neural Networks (RNNs) or Long Short-Term Memory (LSTM) networks
C) Autoencoders

D) Generative Adversarial Networks (GANs)

3. To optimize telescope scheduling for observing transient astronomical events (like
supernovae or gamma-ray bursts) that require rapid follow-up, which ML paradigm is
often employed to dynamically adjust observation priorities based on incoming data and
predicted event likelihood?

A) Reinforcement Learning
B) Decision Trees

C) Linear Regression

D) Factor Analysis

4. In the context of cosmological simulations that model the formation and evolution
of large-scale structures like galaxy clusters, which ML approach is most commonly
used to accelerate the computationally intensive process of simulating dark matter
particle interactions and gas dynamics?

A) Random Forests

B) Gaussian Mixture Models

C) Neural Network-based Emulators (Surrogate Models)
D) DBSCAN
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5. For classifying the spectral signatures of distant galaxies to determine their
redshift and thus their distance, which ML algorithm is particularly robust in
handling high-dimensional, sparse spectral data and can be trained on existing
spectroscopic catalogs?

A) K-Nearest Neighbors (KNN)

B) Logistic Regression

C) Random Forests or Gradient Boosting Machines
D) Support Vector Regression (SVR)

6. When analyzing images from space telescopes to identify and characterize
exoplanetary atmospheres through atmospheric transmission spectroscopy, what is a
primary challenge for ML models that necessitates techniques like transfer learning or
domain adaptation?

A) Limited computational resources on spacecraft

B) The scarcity and heterogeneity of training data from different instruments and targets
C) Difficulty in simulating atmospheric compositions

D) The need for real-time decision-making for probe steering

7. In automated anomaly detection within vast astronomical surveys (e.g., searching
for unusual celestial objects or phenomena), which ML technique excels at identifying
outliers or data points that deviate significantly from established patterns in
multi-band photometric or astrometric data?

A) Principal Component Analysis (PCA) for dimensionality reduction followed by clustering
B) Linear Discriminant Analysis (LDA)

C) K-Means Clustering

D) Simple Majority Voting

8. When developing ML algorithms to predict the surface composition and geological
features of planets like Mars or moons like Europa based on orbital remote sensing
data (e.g., spectroscopy, radar), what is a significant factual constraint affecting
model accuracy?

A) The absence of a gravitational field on these bodies

B) The extreme variability of solar wind intensity

C) The limited ground truth data available for validation and training due to mission
constraints
D) The assumption of uniform atmospheric pressure across the entire surface
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