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1. Massive Stars Trigger New Star Formation in Molecular Clouds — Science

& Technology

1. Why in News

1. Researchers from Aryabhata Research Institute of Observational Sciences (ARIES) discovered
massive stars can trigger birth of new stars in nearby molecular clouds

2. Findings published in The Astrophysical Journal

Study examined Bright Rimmed Cloud 44 (BRC 44), 900 parsecs away in Cepheus OB2 star-forming

region

4. Identified 22 new young stellar objects including brown dwarfs

5. Multi-wavelength observation using Indian telescopes and international facilities

6. Strengthens evidence for radiation-driven triggered star formation
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. Key Findings of the Study
Study Region
1. Examined Bright Rimmed Cloud 44 (BRC 44)
2. located nearly 900 parsecs away
3. In Cepheus OB2 star-forming region
4. Parsec: Astronomical distance unit equal to about 3.26 light-years or nearly 31 trillion kilometres; used
to measure distances between stars and galaxies
Radiation-Induced Star Formation
1. Ultraviolet radiation from nearby massive stars ionizes surrounding gas clouds
2. lonization compresses gas clouds
3. Creates favourable conditions for new star formation
4. Older massive stars triggering younger generation
Shockwave Mechanism
Compressed gas generates shock waves
Shock waves travel deeper into molecular clouds
Increasing density through compression
Initiating stellar birth processes
. Propagates star formation into cloud interiors
Discovery of Young Stellar Objects
Researchers identified 22 new young stellar objects within BRC 44
Including several brown dwarfs
Brown dwarfs: Failed stars incapable of sustaining hydrogen fusion
Mass between planets and stars (typically 13-80 Jupiter masses)
. Provide insights into star-planet transition
Multi-Wavelength Observation
Data used from:
1. 3.6-metre Devisha Optical Telescope (Devisha, Uttarakhand, India)
2. Devisha Fast Optical Telescope (Devisha, Uttarakhand, India)
3. Spitzer Space Telescope (operated by NASA, United States, located in outer space)
4. Radio observatories in China
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. Multi-wavelength approach ensures comprehensive analysis across electromagnetic spectrum
. What are Molecular Clouds?

Definition

1. Dense and cold regions in space

2. Composed primarily of molecular hydrogen along with dust particles and other gases

3. Among largest structures present in galaxies
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4. Stellar nurseries where stars form

Composition

Molecular clouds mainly contain:

Molecular hydrogen (H.): Primary component

Helium: Second most abundant element

Cosmic dust: Silicates, carbon compounds

Traces of other molecules: Carbon monoxide (CO), ammonia (NHs), water vapor (H.0)

. CO often used as tracer for molecular hydrogen in observations

Temperature and Density

1. Extremely cold: Temperatures generally 10-30 Kelvin (-263°C to -243°C)

2. High density: 10? to 106 molecules per cubic centimetre (much denser than surrounding interstellar
medium)

3. High density allows gas particles to clump together under gravitational forces

4. Coldness reduces thermal pressure allowing gravitational collapse

Star Formation Role

1. Gravitational collapse of dense regions within molecular clouds forms protostars

2. Cloud fragmentation creates multiple stellar systems

3. Turbulence and magnetic fields influence structure and star formation efficiency

4. What are Massive Stars?
Definition
1. Stars having masses greater than eight times the Sun's mass
2. Possess extremely high luminosity and temperature
3. Surface temperatures exceeding 30,000 Kelvin
4. Luminosities thousands to millions of times greater than Sun
Rapid Stellar Evolution
1.  Consume nuclear fuel rapidly due to high core temperatures and pressures
2. Complete life cycle within millions of years (typically 10-50 million years)
3. Unlike Sun-like stars surviving for billions of years (Sun: ~10 billion years total)
4. Short-lived but extremely influential
High Energy Emission
Emit intense ultraviolet radiation
Strong stellar winds: Mass loss rates up to 10~* solar masses per year
Significantly influence surrounding interstellar environments
Create ionized Hll regions around them
. UV radiation and winds sculpt and compress nearby molecular clouds
Supernova End Stage
1. Eventually explode as Type Il supernovae (core-collapse supernovae)
2. Explosive deaths among most energetic events in universe
3. Leave behind stellar remnants:
1. Neutron stars: Extremely dense, ~1.4-2 solar masses in ~20 km diameter
2. Black holes: If progenitor mass >25-30 solar masses
4. Supernova explosions enrich interstellar medium with heavy elements
Formation Source
1. Like ordinary stars, originate within molecular clouds
2. Composed of gas and cosmic dust present in nebulae
3. Form in densest, most massive cores of molecular clouds
4. Often form in clusters due to cloud fragmentation
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5. Significance of Findings

Understanding Stellar Evolution

1. Improves scientific understanding of how stars evolve

2. Interaction between stars and surrounding molecular clouds during different cosmic evolution
stages

3. Lifecycle connections between stellar generations

4. Feedback mechanisms in star formation

Triggered Star Formation Theory

1. Strengthens evidence for radiation-driven or triggered star formation

2. Older massive stars initiate birth of new stellar generations

3. Self-propagating star formation process

4. Sequential star formation in giant molecular clouds

5. Explains age gradients observed in star-forming regions

Insights into Brown Dwarfs

Identification of brown dwarfs provides important clues

Transition between planets and fully developed stars

Substellar objects formation mechanisms

Mass function at low-mass end

. Understanding failed star formation processes

Advancing Astronomical Research

Demonstrates India's growing capabilities in observational astronomy

Use of indigenous telescopes (Devisha Optical Telescope, DFOT)

International scientific collaboration (NASA, Chinese observatories)

ARIES establishing India as significant player in astrophysics research

. Enhances India's scientific infrastructure and expertise

Understanding Galactic Formation

1. Studying star-forming regions helps understand galaxy evolution

2. Distribution of matter in universe

3. How galaxies build stellar populations over time
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Star formation efficiency and regulation

Feedback processes shaping galactic structure
Additional Importance
1. Chemical enrichment of galaxies through massive star nucleosynthesis
2. Understanding cosmic recycling of matter
3. Insights into early universe star formation when massive stars dominated
4. Improving stellar evolution models
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. Way Forward
Continued Observations
. Long-term monitoring of BRC 44 and similar regions
2. Track evolutionary stages of identified young stellar objects
3. Observe feedback effects over time
Expanding Research Scope
1. Study other bright-rimmed clouds across galaxy
2. Comparative analysis of triggered vs spontaneous star formation
3. Statistical studies on star formation efficiency
Technology Enhancement
1. Upgrade existing Indian telescopes
2. Develop new observational capabilities
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3. International collaborations for multi-wavelength campaigns

4. Space-based observations complementing ground-based data
Theoretical Modelling

1. Computer simulations of radiation-driven star formation

2. Hydrodynamic modelling of shock wave propagation

3. Predictive models for stellar population evolution

7. Conclusion

ARIES researchers’ discovery that massive stars trigger new star formation in molecular clouds
through UV radiation and shock wave mechanisms strengthens triggered star formation theory. Study of
BRC 44 identifying 22 young stellar objects including brown dwarfs’ advances understanding of stellar
evolution, galactic formation, and star-planet transition while demonstrating India's growing
observational astronomy capabilities through Devisha telescopes and international collaboration.
Source: https://www.pib.gov.in/PressReleasePage.aspx?PRID=2259045&reg=3&lang=]
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