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PARKER SOLAR MISSION (PSM): TOUCHING THE SUN

WHY IN THE NEWS?

NASA’s Parker Solar Probe made another record-breaking close approach to the Sun on March 22, 2025,
coming within 6 million km of its surface. This mission marks a significant milestone in solar exploration, as
the probe continues its journey through the Sun’s corona, collecting crucial data on solar wind, magnetic
fields, and coronal mass ejections. The insights aim to deepen our understanding of space weather and the
Sun-Earth relationship, with implications for satellite safety, communication systems, and scientific
discovery.
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The Parker Solar Mission (PSM) is NASA’s groundbreaking attempt to study the sun up close — so close, in
fact, that it’s often called the mission to “touch the sun.” Named after physicist Eugene Parker, who first
theorized the solar wind, the mission is carried out using the Parker Solar Probe — a sophisticated spacecraft
built to withstand the harshest conditions in our solar system. Launched in August 2018 aboard a Delta IV
Heavy rocket from Cape Canaveral, the probe aims to fly closer to the sun than any spacecraft in history.




Its primary goal is to explore the sun’s outer atmosphere — the solar corona — and gather crucial data that
can solve long-standing mysteries of solar physics. The mission is a marvel of engineering and has already
revolutionized our understanding of the sun.

FACTUAL DETAILS ABOUT THE PSM _ _ _ _ _ _ _ ool
1. Launch Date and Location: The Parker Solar Probe was launched on August 12, 2018, from Cape Canaveral
Air Force Station in Florida aboard a Delta IV Heavy rocket.

2. Mission Speed: Once in space, the spacecraft reached a record-breaking speed of 692,000 km/h, making it
the fastest human-made object in history.

3. Distance from the Sun: On December 24, 2024, it came within 6.1 million km of the Sun’s surface. By
March 22, 2025, it made another attempt to get even closer, aiming for around 6 million km.

4. Flight Path and Gravity Assist: The spacecraft uses gravity assists from Venus and Earth to gradually spiral
closer to the Sun. The original Jupiter flyby idea was dropped due to distance concerns.

5. Thermal Protection: The probe is equipped with an 8-foot-wide, 4.5-inch-thick carbon-carbon composite
heat shield, capable of withstanding temperatures up to 1,370°C, while keeping the internal instruments at a
safe 29°C.

6. Structure and Materials: The heat shield includes a carbon composite foam core and is coated with white
ceramic paint to reflect solar radiation. A separate Faraday cup made from a molybdenum alloy operates
outside the shield and endures extreme heat to study the solar wind.

7. Instruments Onboard: FIELDS (Focusing Optics X-ray Solar Imager): Measures electric and magnetic fields
in the Sun’s corona. This helps scientists understand how energy and heat move through the solar
atmosphere and drive solar eruptions.

ISOIS (Integrated Science Investigation of the Sun): Detects energetic particles that form solar storms.
It provides insights into the acceleration and transport of these particles across the solar system.

WISPR (Wide-Field Imager for Solar Probe): Captures images of solar phenomena like coronal mass ejections
and the solar wind. It offers the first-ever direct views of the Sun’s outer atmosphere and helps track solar
material as it moves outward.

SWEAP (Solar Wind Electrons Alphas and Protons): Records solar wind properties such as speed, density,
and temperature. This data is crucial to understanding how the solar wind is heated and accelerated.
Faraday Cup: Measures ion and electron density directly in the solar wind. It operates by collecting charged
particles and analyzing their properties to map the solar wind’s structure.

Duration and Orbits: Over the course of its mission, the probe will complete 24 orbits of the Sun and spend
more than 2,000 hours flying through the corona.

8. Important Discoveries:

Discovery of dust-free zones near the Sun, defying previous assumptions.

Observation of magnetic switchbacks in the solar wind : sudden reversals in magnetic field direction.

Data supporting the theory that Alfvén waves contribute to the unusually high temperature of the solar
corona.




EXTREME EXPLORATION WITH SOLAR ORBITER AND PARKER SOLAR PROBE
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SIGNIFICANCE OF THE PARKER SOLAR MISSION _ _ . _____ _____________
The Parker Solar Mission (PSM) is more than just a technological feat : it's a window into the secrets of our
closest star. Its significance lies in:

1.Understanding Solar Storms: Parker helps identify the causes, composition, and structure of solar storms,
which can severely affect satellites, electric grids, aviation communication, and GPS systems on Earth.

2. Probing the Solar Wind: The mission provides the first-ever direct evidence of phenomena like magnetic
switchbacks and Alfvén waves, which could explain why the corona is mysteriously hotter than the sun’s
surface.

3. Studying Coronal Mass Ejections (CMEs): Parker Solar Probe has advanced our understanding of CMEs :
massive eruptions of plasma and magnetic field from the sun’s corona that can carry billions of tons of solar
material into space. These CMEs can collide with Earth’s magnetosphere, disrupting satellite systems,
communications, GPS, and power grids. Understanding their origin and evolution is key to building better
early-warning systems for geomagnetic storms.

4. Space Weather Prediction: Data from PSM enhances our ability to forecast space weather events, which is
vital for astronaut safety, protection of electronic infrastructure, and ensuring uninterrupted satellite
operations.

5. Dust-Free Zones Near the Sun: Parker discovered regions near the sun that are unexpectedly devoid of
interplanetary dust, revising previous assumptions about the solar system’s inner environment and its
evolution.

6. Historic Alfvén Surface Crossing: Perhaps most thrilling is the April 2021 event when the probe crossed
the Alfvén surface, officially entering the sun’s atmosphere : a historic first in solar exploration.

7. Extreme Engineering Marvel: The mission showcases cutting-edge thermal protection systems, including a
carbon-carbon heat shield capable of withstanding 1,370°C, and innovative cooling mechanisms that
maintain instrument function just meters away from the sun’s intense radiation.

8. Decoding the Sun’s Magnetic Field: Parker’'s measurements of the sun’s electric and magnetic fields
provide key insights into the star’s complex magnetic topology, helping to understand solar cycles and
sunspot activity.




9. Long-Duration Corona Exposure:The probe is set to spend over 2,000 hours flying through the sun’s
corona, enabling unprecedented long-term observations of high-energy particles and plasma behaviors.

10. International Collaboration and Inspiration:The mission serves as a global example of scientific ambition
and engineering excellence, inspiring similar missions like ISRO’s Aditya-L1 to probe solar mysteries from
different vantage points.

NCONCLUSION _ .
The Parker Solar Mission represents humanity’s boldest step yet towards unraveling the mysteries of our
star. By flying into the sun’s corona and directly sampling its environment, the Parker Solar Probe has opened
new frontiers in astrophysics and space science. Its discoveries not only deepen our understanding of the
sun’s behavior but also pave the way for better protection of Earth’s technological infrastructure. As the
probe continues its journey with upcoming flybys — like the one on March 22, 2025, and again in June — the

world waits eagerly for the insights it will bring from our blazing celestial neighbor.

PRELIMS QUESTIONS _ _ _ o ee_.
Q. Consider the following statements regarding NASA’s Parker Solar Probe (PSP):

1. It is the first spacecraft to enter the Sun’s corona by crossing the Alfvén surface.

2. It uses gravitational assist from Earth and Venus to get closer to the Sun.

3. The spacecraft is powered solely by nuclear energy to withstand extreme solar heat.
4. The Parker Solar Probe was launched aboard a Falcon 9 rocket.

Which of the statements given above is/are correct?

A.land 2 only

B.1, 2, and 4 only

C.2and 3 only

D. 1, 3,and 4 only

ANSWER: A

AN S O S O S e .

Q. Analyze how the Parker Solar Probe has advanced our knowledge of solar wind, magnetic fields, and
coronal heating. What role does it play in space weather prediction? (250 words, 15marks)

MATTER AND ANTIMATTER

WHY IN THENEWS? .
Physicists at the Large Hadron Collider have discovered a new case of charge-parity (CP) violation, this time
in baryons, particles like protons and neutrons. Previously, CP violation had only been confirmed in mesons.
The study, focusing on lambda-b baryons, found a slight difference in how these particles and their
antimatter counterparts decay, crossing the five-sigma threshold for discovery. This finding could help
explain why matter dominates the universe despite the Big Bang producing equal amounts of matter and
antimatter. While it doesn’t solve the mystery, it brings scientists one step closer to understanding the

imbalance that shaped our universe.




WHAT IS MATTER VS ANTIMATTER?

Aspect Matter Antimatter

Makes up everythingin the
Definition universe The “mirror twin” of matter

Examples Protons, neutrons, electrons Antiprotons, antineutrons, positrons

Normal charge (e.g., proton is

Charge +1) Opposite charge (e.g., antiproton is -1)
Interaction Stable and forms atoms Annihilates upon contact with matter
Annihilation Doesn’t naturally annihilate Matter + antimatter - Energy (gamma rays)

It should have existed in equal amounts but is

Mystery Dominates the universe nearly absent
Research Understanding why it
Focus dominates CP violation could explain the imbalance

RECENT DEVELOPMENTS IN CHARGE PARITY PHENOMENA _  ______________________
1. First CP Violation in Baryons: LHCb observed CP violation in beauty-lambda baryons (Ab), marking the first
confirmed instance in baryons.

2. Charm Sector CP Violation: The CMS experiment detected CP violation in charm quark decays, a crucial
step in understanding matter-antimatter asymmetry.

3. Significant B<sub>s</sub> Meson Measurements: New data from LHCb and CMS provide strong evidence

of CP violation in B<sub>s</sub> meson decays, refining theoretical models.




4. Neutrino CP Violation Studies: The NOvVA experiment hints at CP violation in neutrino oscillations, which
could impact our understanding of fundamental physics.

5. Matter-Antimatter Imbalance Insights: These findings contribute to explaining why the universe consists
mainly of matter despite equal production of matter and antimatter in the Big Bang.

6. Five-Sigma Discovery Threshold Crossed: The LHCb results on Ab baryons met the statistical requirement
for a scientific discovery, solidifying the findings.

7. Refinement of the Standard Model: CP violation studies help physicists test and refine the Standard
Model, potentially pointing to new physics beyond it.

8. Future Experiments & Theories: Ongoing and upcoming studies, including upgrades at the LHC and future
neutrino experiments, aim to deepen our understanding of CP violation and the universe’s asymmetry.

SIGNIFICANCE OF THIS NEW DISCOVERY . ___ __ ___ _____________________
1. Explains the Matter-Antimatter Imbalance: The universe should have equal amounts of matter and
antimatter, but we see mostly matter. CP violation helps explain why matter dominated after the Big Bang
instead of annihilating with antimatter.

2. First Confirmation in Baryons: Previously, CP violation was only observed in mesons (particles with one
quark and one antiquark). Now, for the first time, it’s confirmed in baryons (three-quark particles like
protons and neutrons), broadening our understanding.

3. Strengthens the Standard Model: The Standard Model of physics predicts CP violation but doesn’t fully
explain why matter dominates. This discovery gives scientists new data to refine existing theories.

4. Opens the Door to New Physics: If CP violation in baryons behaves unexpectedly, it could hint at new
physics beyond the Standard Model, such as new particles or forces.

5. Validates the Large Hadron Collider’s Capabilities: The LHCb experiment at CERN continues to push the
boundaries of particle physics, proving its ability to make groundbreaking discoveries.

6. Guides Future Research: Scientists can now study CP violation in more types of particles, especially
neutrinos and other undiscovered baryons, to find deeper answers. This is a big step toward solving one of
physics’ gre

CON CLUS IO N
The recent discovery of CP violation in baryons is a groundbreaking step toward understanding the universe’s
matter-antimatter imbalance. By confirming this phenomenon in particles like lambda-b baryons, scientists
have expanded the scope of known CP violation beyond mesons. This finding strengthens the Standard
Model while also hinting at possible new physics. It validates the capabilities of the Large Hadron Collider
and opens doors for future research into neutrinos and other subatomic particles. While this discovery
doesn’t fully explain why matter dominates the universe, it provides a crucial piece of the puzzle, bringing us

closer to unlocking one of physics’ greatest mysteries.

PRELIMS QUESTIONS _ _ e
Q. With reference to CP violation in particle physics, consider the following statements:

1. CP violation has been observed in both mesons and baryons.

2. The LHCb experiment at CERN recently confirmed CP violation in lambda-b baryons.

3. CP violation explains the complete matter-antimatter imbalance in the universe.

How many of the above-given statements are correct?

A. Only one

B. Only two

C. All three

D. None




Answer: B

MAINS QUESTIONS

Q. Discuss the significance of the recent discovery of CP violation in baryons. How does this finding
contribute to solving the mystery of matter-antimatter asymmetry in the universe? (250 words, 15marks)
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