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Akash Missile: All about India’s first
home-made supersonic missile

The nuclear-capable missile can fly at a speed of up to Mach 2.5 (nearly 860 meter per second)

at a maximum height of 18 km. It can strike enemy aerial targets like fighter jets, drones, cruise

missiles, air-to-surface missiles as well as ballisti..

Akash is India’s first indigenously produced medium range Surface to Air missile that can engage
multiple targets from multiple directions. The all-weather missile can engage targets at a speed 2.5
times more than the speed of sound and can detect and destroy targets flying at low, medium and high
altitudes.

The Akash missile system has been designed and
developed as part of India’s 30-yearold integrated
guided-missile development programme (IGMDP)
which also includes other missiles like Nag, Agni,
Trishul and Prithvi.

Here is everything about Akash’s salient features, its
range and why it is one of the best surface-to-air defence Length
missiles in the world. 2 s

1. What is Akash missile's range and capability?

The nuclear-capable missile can fly at a speed of up
to Mach 2.5 (nearly 860 meter per second) at a
maximum height of 18 km. It can strike enemy aerial
targets like fighter jets, drones, cruise missiles, air-to-
surface missiles as well as ballistic missiles from a distance of 30 km.

2. What’s the length and weight of Akash?

The missile has a launch weight of 720 kg, a wingspan of 1,105 mm, length of 5.8 m and a diameter
of 350 mm. It can carry a warhead of 50-60kg.

3. What are the unique features of Akash?

* The missile is unique in the way that it can be launched from mobile platforms like battle tanks
or wheeled trucks.

*1t’s unique all-the-way-powered missile system has nearly 90 per cent kill probability. Akash has
a kill probability of 88 per cent for the first missile and 99 per cent for the second.

*The missile is supported by the indigenously developed radar called 'Rajendra’ that can handle
highly-manoeuvring multiple targets from multiple directions in group or autonomous mode. The
missile is reportedly cheaper and more accurate than US’ Patriot missiles due to its solid-fuel
technology and high-tech radars. Akash uses ramjet propulsion system which can intercept the target
at supersonic speed without deceleration. The ramjet propulsion and its electronic couter-counter
measure equipment also help it break any electronic jamming system.

4. What are the components of the complete Akash missile defence system?

* Akash missile system has seven components. It contains integral ramjet propulsion; a switchable
guidance antenna system; a command guidance unit; an onboard power supply; a system arming and
detonation mechanism; digital autopilot; multi-function Rajendra phased-array radar; 3D passive
electronically scanned array Rajendra radar (PESA) and command centres.

Diameter
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* Akash contains four Rajendra radars and four launchers are interlinked together and controlled by
the group control centre. Each launcher, equipped with three missiles and one radar, can track 16
targets. So in total, the radar can track 64 targets and simultaneously launch 12 Akash missiles.

5. Who manufactures Akash? The missile system is designed and developed by DRDO. But Bharat
Dynamics (BDL) manufacturer the missiles, while Bharat Electronics produces its hi-tech ‘Rajendra
phased array radar’.

https://economictimes.indiatimes.com/news/defence/akash-missile-all-about-indias-first-home-made-
supersonic-missile/articleshow/72119996.cms
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Now, IIT & IISc will help forces to

get futuristic defence technologies

DRDO has already identified over 60 specific projects,
many of which will give armed forces a lethal edge
By Anubhuti Vishnoi

New Delhi: The government has set up a national task force to help bring in the country’s premier
technical and scientific institutes to work on “futuristic defence technologies’ and address defence and

security requirements of the country indigenously.

The task force on ‘DRDO-Academia Interaction for achieving
leadership in futuristic technologies’ was set up last week to
identify niche domains and dual use technologies for current and
futuristic requirements of defence and security, as well as to
identify higher education Institutions that can work on \\
developing these, people aware of the development said. !

Chaired by director of Indian Institute of Technology (11T)
Delhi, the task force has on board director of Indian Institute of
Science, Bangalore, director of National Institute of Technology
(NIT) Durgapur, Vice chancellor of University of Hyderabad, and top officials of Defence Research
and Development Organisation (DRDO).

DRDO has already identified more than 60 specific projects, many of which would give armed
forces access to cutting edge technology, people aware of the plan said.

Under discussion are bullet proof vests that are at least 25per cent lighter, robotic exoskeletons, and
full body armours to help soldiers operate swifter than ever, advanced weaponisation for Hindustan
Aeronautics’ Dhruv helicopters, artificial intelligence (Al)-based cyber defence system, and
technology for automatic change detection in satellite imagery.

There is also considerable focus on health concerns of defence personnel. DRDO has sought help
with detection of pathology in images of slides to detect chronic diseases like cancer and analysis of
health data of young adults for early indications of high altitude sickness, acute mountain sickness and
acute myocardial infraction that may cause serious health problems to those posted in hostile terrains,
sources said.

Among other identified areas are a range of advanced aircraft applications and instruments, drones
for high altitude areas, perimeter security solutions, robotic solutions for disposal of misfire of
ammunition, and Al-based aerial target recognition system.

Leading technical and scientific institutes will look to find solutions to these challenges.

Besides helping create a larger research ecosystem to address India’s security challenges, the
taskforce will also look at bringing PhD scholars from higher education institutes to work in DRDO
laboratories on specific projects on deputation and for joint R&D projects.

This committee will submit its report to the government by December 15 for further action, people
cited earlier said. It will also suggest mechanisms to set up new defence and security-related centres of
excellence at higher education institutes and bring in place monitoring and review mechanism for
R&D collaborations.
https://economictimes.indiatimes.com/news/defence/task-force-to-help-iits-iisc-work-for-
defence/articleshow/72135370.cms
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The Indian EXPRESS

Chief of Defence Staff should play the
role of the primary military adviser

The Chief of Defence Staff should not become another interposed level between the Raksha
Mantri and the service chiefs, whose access to the minister should remain as prevalent
By J S Sandhu

Consequent to Prime Minister Narendra Modi’s announcement from the ramparts of Red Fort, the
proposed structure for the Chief of Defence Staff (CDS) has been deliberated upon. We should soon
be seeing the first CDS take charge. The proposed charter of the CDS, his powers and status, etc, has
been debated intensely. One school of thought recommends an evolutionary, incremental expansion of
the role, while some feel he should be given greater operational control ab initio. Like many
bureaucratic approval processes, turf battles often cloud judgements, the resistance to change tends to
only marginally alter the existing status quo. In this case, too, Service HQs prefer to retain their
powers, resources and establishments. Hence, to avoid a dilution of their spheres, they are in favour of
the CDS taking charge of new organisations, domains, and also to handle the integrated structures.

Existing single-service responsibilities would remain largely undisturbed.

What should be the answer to this dilemma? A logical appraisal is warranted: Retention of existing
warfighting structures, while the CDS takes control of newer organisations being set up for tackling
future threats, has some merit. Development of future technologies and means to face emerging threats
in the cyber, space, missiles domain, nurturing of Al-based platforms, usage of drones for various
roles and such modern conflict realities is indeed important. These advancements are extremely costly,
and the CDS can facilitate optimal, cost-effective integrated development and deployment of such
structures.

Modern war and warfighting has tremendous economic costs. Defence budgets are invariably
inadequate to meet the “wishlists”, and intense prioritisation of capabilities is inevitable. The CDS can
be the vital fulcrum to undertake such prioritisation and rationalisation, and, therefore, can play a
stellar role in the perspective planning and development function. Considering the high cost of future
technology, the CDS can also contribute towards optimisation of existing structures. Such review of
existing establishments and manpower should also be an assigned task for him.

But should the CDS be utilised only in capability building and cost cutting, and optimisation
measures? Future conflict situations would possibly need integrated application of fighting formations
and resources, with unitary operational control of deployed elements. The CDS would be better placed
for integrated employment of war fighting potential, and therefore logically needs to be part of the
operational control chain.

In the debates on CDS, one often heard the designated profile as “providing single-point military
advice”. National security decisions are always taken after a multitude of advisory inputs from a
number of agencies, duly analysing ramifications and end state probabilities. The CDS is better termed
as the primary military advisor, with the service chiefs also remaining important military advisors. The
CDS should not become another interposed level between the Raksha Mantri and the service chiefs,
whose access to the minister should remain as prevalent.

In effect, the CDS should be in charge of newer domains and organisations, and be well poised to
optimise, cut costs and prioritise different service demands. He could be an effective mentor for
realising our military-industrial power potential, and for modernisation and capability enhancement.
His tri-service position makes him the most suited driver for the integrated application of warfighting
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resources and facilitates unitary control in integrated operations. The CDS also has a primary advisory
role, and therefore should not be boxed into administrative efficiency roles, but must be in the
operational control chain. In the interim, the CDS may not override the operational responsibility of
the service chiefs, and in due course, his operational responsibility can expand and become more
“hands-on”.

Thus, it is clear that the CDS would play a far more critical role in the national security apparatus,
than the three service chiefs. Our higher defence organisation would finally mature, and be more in
tune with our rising power ranking. From being the “first among equals”, | would like to see the CDS
graduate to “first above the others”.

(The writer was General officer Commanding of the Indian Army’s Chinar Corps in Kashmir. Views
are personal.)
https://indianexpress.com/article/opinion/columns/chief-of-defence-staff-cds-exam-6129257/
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Navy inducting large no. of state-of-art assets: Prez

Kannur: Indian Navy is inducting a large number of highly capable and state-of-the-art assets and
equipment, President Ram Nath Kovind said on Wednesday as he highlighted the strategic importance
of the seas in the well- being of people of the country.

Addressing the Naval cadets after awarding the President’s Colour to the Indian Naval Academy,
the President said that India is a maritime nation and highlighted the strategic values of its long
coastline and several islands which are acting as the country’s “national outposts”.

“A significant proportion of India’s trade and energy needs are met through the medium of the
oceans.

Safety of the seas and maritime commons, therefore, remains a critical requirement to ensure the
economic and infrastructure development on land, as also to ensure well- being of its people,” he said
at a function organised at the Ezhimala Naval Academy in the district.

Underscoring the security challenges — both in the conventional and asymmetric domains —
facing the country today, Kovind said, “The country looks upon you to deliver, each and everytime,
whether it is a full fledged conflict, natural calamity, law and order challenge or our diplomatic
mission.”

Hailing the Indian Navy as the country’s prime instrument to ensure maritime security, Kovind
said, “You will be pleased to know that our Navy is inducting a large number of highly capable and
state-of the-art assets and equipment”.
https://www.dailypioneer.com/2019/india/navy-inducting-large-no--of-state-of-art-assets--prez.html
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THE ASIAN AGE

Singapore to use Indian facility to test-fire missiles

Both ministers commended the progress in defence technology collaboration

New Delhi: Singapore defence forces will soon use the integrated test range at Chandipur in Odisha
for the firing of missiles.

Defence minister Rajnath Singh and defence minister of Singapore Dr N.G. Eng Hen co-chaired the
4th Singapore-India Defence Ministers’ Dialogue in Singapore on Wednesday.

Both ministers commended the progress in defence technology collaboration. “They witnessed the
exchange of a Letter of Intent to register both sides’ commitment to conclude a Memorandum of
Understanding to facilitate the use of Chandipur Integrated Test Range by the Singapore defence
establishment,” said a defence ministry release.

Mr Singh also offered setting up of a Joint Test Facilities under the Defence Testing Infrastructure
Scheme of India. Dr N.G. agreed to explore opportunities for joint collaboration. The ministers also
agreed to explore co-operation in the fields of Artificial Intelligence, Geo-Spatial Data Sharing and
Cyber Security. Sinagpore’s military has been using India’s facility for training of its defence forces
including airbase for its F-16s.

Both ministers expressed satisfaction at the deepening defence ties between India and Singapore
and reaffirmed their commitment to support further initiatives that would promote stability to the
region. Singapore’s defence minister appreciated India’s continued support for the training of the
Singapore Armed Forces in India. “Of note, in commemoration of the 10th anniversary of the
Singapore Air Force-Indian Air Force Joint Military Training this year, the exercise was expanded to
include an air-sea training component for the first time,” defence ministry said.

The increasing degree of complexity of the bilateral exercises reflects the growing confidence and
mutual respect for each other’s professional capabilities,” said defence ministry.

https://asianage.com/india/all-india/211119/singapore-to-use-indian-facility-to-test-fire-missiles.html
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hindustan

US government clears sale of $1
billion worth of Naval guns to India

The MK-45 Gun System will provide the capability to conduct anti-surface warfare
and anti-air defense missions while enhancing interoperability with US and other
allied forces, the Defense Security Cooperation Agency said in a statement
By Yashwant Raj

Washington: The United States on Wednesday cleared the sale of 13 MK 45 anti-surface and anti-
air naval gun systems, along with ammunition and related add-ons, to India for an estimated cost of
$1.02 billion.

“This proposed sale will support the foreign policy and national security of the United States by
improving the security of a strategic regional partner,” the Defense Security Cooperation Agency, a
pat of the US department of defense, said in a statement on Wednesday.

US congress was notified of the proposed sale on Tuesday.

“The proposed sale will improve India’s capability to meet current and future threats from enemy
weapon systems,” the DSCA said further in the statement.

The DSCA states that the MK-45 Gun System will provide the capability to conduct anti-surface
warfare and anti-air defense missions while enhancing interoperability with US and other allied forces.
“India will use the enhanced capability as a deterrent to regional threats and to strengthen its homeland
defense,” the statement read.

The gun systems are made by BAE Systems Land. No delivery dates have been made available yet.

The gun systems are currently being used by the US navy and the navies of South Korea, Japan and
Denmark, according to BAE website, which added that gun’s range more than 20 nautical miles (36
km).

India has stepped up defense purchases from the United States in recent years as part of a growing
defense relationship that includes greater interoperability and joint exercises — the first tri-services
exercises are currently under way in India.

From zero in 2008, India-US defense trade went up to $15 billion in 2018, facilitated by the signing
of key foundational agreements to enhance interoperability and changes in the US export regime,
upgrading India to the status of NATO allies for the sale of sensitive defense equipment.
https://www.hindustantimes.com/world-news/trump-administration-approves-sale-of-usd-1-billion-
worth-of-naval-guns-to-india/story-Yaa5s8SYuqKcJSNGpadTVK.html

Thu, 21 Nov 2019
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https://navbharattimes.indiatimes.com/india/trump-administration-approves-sale-of-usd-1-billion-
worth-of-naval-guns/articleshow/72148877.cms
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Vietnam to get another US ship

for patrolling in South China Sea

Hanoi: The United States today announced it would provide Vietnam with another coast guard
cutter for its growing fleet of ships, boosting Hanoi’s ability to patrol the South China Sea amid
tensions with China.

US Defense Secretary Mark Esper disclosed the decision during an address in Vietnam, which has
emerged as the most vocal opponent in Asia of China’s territorial claims in the South China Sea. In his
speech, Esper took aim at China, which he accused of “bullying” neighbours.

“China’s unilateral efforts to assert illegitimate maritime claims threaten other nations’ access to
vital natural resources, undermine the stability of regional energy markets and increase the risk of
conflict,” Esper told students at the Diplomatic Academy of Vietnam.

The vessel will be Vietnam’s second cutter from the US Coast Guard, which just two years ago
transferred a Hamilton-class cutter to Vietnam. The US hopes to enable Vietnam to assert its
sovereignty and deter China.

More than four decades after the Vietnam War ended, ties between the United States and Vietnam
are increasingly focused on shared concerns over Chinese expansion. China claims 90% of the
potentially energy-rich South China Sea, but Brunei, Malaysia, the Philippines, Taiwan and Vietnam
also lay claim to parts of it, through which about $3 trillion of trade passes each year.

Beijing in July sent a ship for a month-long seismic survey to an area internationally designated as
Vietnam’s exclusive economic zone (EEZ) but also claimed by China.

Vietnam said earlier this month it could explore legal action in the dispute, a move previously taken
by the Philippines - where Esper visited earlier this week. In 2016, the Philippines won a ruling from
the Permanent Court of Arbitration in The Hague that invalidated China’s claim over most of the
South China Sea.

Speaking earlier at Vietnam’s defence ministry, Esper said the international rules-based order “has
come under duress.” — Reuters
https://www.tribuneindia.com/news/world/vietham-to-get-another-us-ship-for-patrolling-in-south-
china-sea/863900.html
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The Indian EXPRESS

Chandrayaan-2: Finally, ISRO makes it
Official -Vikram made a hard-landing

ISRO, however, had so far avoided any comment on the fate of the Vikram
lander. It had maintained that communication with the lander was lost when
it was 355 metres above the moon, and efforts were being made to restore contact
By Amitabh Sinha

Pune: Two-and-a-half months later, the Indian Space Research Organisation (ISRO) has finally
admitted publicly that the Vikram lander on Chandrayaan-2 mission made a “hard-landing” on the
moon.

In a written answer to a question posed to the Department of Space in Lok Sabha, Minister of State
in the Prime Minister’s Office (PMQO) Jitendra Singh said the “reduction in velocity” of the Vikram
lander during the final phase of its descent on the moon’s surface “was more than the designed value”.
As a result, Vikram “hard-landed” on the moon “within 500 metres of the designated landing site”, he
said.

The fact that Vikram, which was supposed to touch down on the moon’s surface in the early hours
of September 7, had crash-landed was no secret. That was the only fate possible after it was seen to be
unable to slow down its velocity at the required rate when it was barely 2 km from the moon’s surface.

ISRO, however, had so far avoided any comment on the fate of the Vikram lander. It had
maintained that communication with the lander was lost when it was 355 metres above the moon, and
efforts were being made to restore contact. Three days after the incident, ISRO had said the Orbiter
module of Chandrayaan-2, which is functioning normally and circling the moon, had spotted Vikram
and taken thermal images, but did not say anything about the condition of the lander. At that time too,
it had said that it was trying to re-establish communication signal.

Early in the morning of September 7, the Vikram lander, which had already separated from the
main spacecraft a few days earlier, had begun its descent to the moon from an orbit about 30 km from
the lunar surface. A soft landing on the moon involved the slowing down of Vikram from a speed of
1,683 metres per second (over 6,000 km per hour) with which it was moving just before the descent to
about 2 metres per second (5 to 7 km per hour) ahead of touchdown.

The descent had proceeded smoothly till Vikram was about 2.1 km from the surface, after which it
was unable to slow down at the required rate. When the lander was 355 metres above the moon, the
ground control room lost its communication link with it. At the time the communication was lost,
Vikram was hurtling towards the moon at a speed of over 200 km per hour.

“The first phase of descent was performed nominally from an altitude of 30 km to 7.4 km above the
moon surface. The velocity was reduced from 1,683 m/s to 146 m/s. During the second phase of
descent, the reduction in velocity was more than the designed value. Due to this deviation, the initial
conditions at the start of the fine braking phase (final phase below 7.4 km altitude) were beyond the
designed parameters. As a result, Vikram hard-landed within 500 m of the designated landing site,”
the minister said in a written answer in the Lok Sabha.

The minister said apart from the landing, most of the objectives of the Chandrayaan-2 mission,
which was India’s first attempt to soft-land on the moon, were successful.

“Most of the components of technology demonstration, including the launch, orbital critical
manoeuvres, lander separation, de-boost and rough braking phase were successfully accomplished.
With regards to scientific objectives, all the eight state-of-the-art scientific instruments of the Orbiter
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are performing as per the design and providing valuable scientific data. Due to the precise launch and
orbital manoeuvres, the mission life of the Orbiter is increased to seven years. The data received from
the Orbiter is being provided continuously to the scientific community. The same was recently
reviewed in an all-India user meet organised in New Delhi,” the minister said.
https://indianexpress.com/article/india/chandrayaan-2-vikram-hard-landed-within-500-mts-of-
landing-site-says-govt-6129208/
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ISRO uses satellite data to gauge
N. Korea’s 2017 nuclear test impact

‘Equal to 17 times that of Hiroshima explosion’
By Jacob Koshy

Scientists at the Indian Space Research Organisation (ISRO) have used a novel mathematical
technique and analysed satellite images to estimate the strength of North Korea’s underground nuclear
test of September 2017. Those tests are considered the most powerful thermonuclear devices to have
been exploded by the country.

In the normal course, the detection and estimation of nuclear device explosions is based on the
reading of earthquake monitoring sensors. However, North Korea’s relative isolation has meant that
there were no accessible seismic stations near the test site at Mount Mantap, Punggye-ri, to accurately
gauge the intensity of the explosion, and how deep into the earth the device was detonated. Such
information is also important for determining the type of bomb, and consequently, the degree of know-
how the detonating country possesses.

Test site

“We inferred the location of the source as 129.0764°E, 41.0324°N at a depth of about 540 m below
Mt. Mantap. The explosive yield estimated (245-271 kt) is about 17 times that of the Hiroshima
explosion,” the authors noted. “We inferred that the uncertainties in yield and source depth estimated
using the Bayesian modelling of INSAR data were significantly less than that of seismic methods.”

The findings were published in the Geophysical Journal International. For the analysis, researchers
K.M. Sreejith, Ritesh Agrawal and A.S. Rajawat used images of the location after the explosion,
sourced from the ALOS-2, a Japanese satellite, and Sentinel 1B, a European radar imaging satellite.
INSAR refers to the interferometric synthetic aperture radar and is a radar technique used to generate
maps of how a place would look after an earthquake, or a detonation.

While other groups have also used INSAR based approaches to estimate impact from a detonation,
the ISRO group claims to have used a mathematical technique called Bayesian inversion that can
correct for errors associated with INSAR data.

These estimates, of a yield of 250 kiloton, are in line with an assessment this June by U.S.
scientists, who said that the 2017 test was about 10 times more powerful than the tests first conducted
by North Korea in 2016.

Sound waves

“North Korea detonated a nuclear device in 2017 equivalent to about 250 kilotons of TNT, creating
an explosion 16 times the size of the bomb the United States detonated over Hiroshima, Japan, in
1945,” noted the American scientists’ paper published in the Journal of Geophysical Research. Their
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approach, however, relied on studying the signature of sound waves from an explosion when it travels
through rock at the test site, and how it affected sensors around the world.

“...The Bayesian modelling of the INSAR data reduced the uncertainties in the yield and depth by
25-85% and 40-97%, [respectively]” the ISRO team underlined.

https://www.thehindu.com/news/national/isro-uses-satellite-data-to-gauge-n-koreas-2017-nuclear-test-

impact/article30030137.ece
Che Tribune
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Thu, 21 Nov 2019
'Sugar molecules that spurred

life on earth found in space rocks'

Tokyo: Researchers have, for the first time, found the presence of sugar molecules involved in the
formation of early life in meteorites, an advance that sheds more light on the potential role played by
space rocks in sparking life on the Earth.

The study, published in the journal PNAS, suggests that
sugars important for biological processes, such as ribose, can
form in space, and the arrival of such sugars on Earth may have
sparked the formation of some of the earliest complex biological
molecules.

The researchers, including Yoshihiro Furukawa from Tohoku
University in Japan, analysed three stony, non-metallic, carbon
rich meteorites—one of them being the Murchison meteorite
that landed in Australia in 19609.

They said extraterrestrial samples containing amino acids and other biological building blocks
were found in earlier studies, and added that sugars were some of the essential elements of biological
systems.

The study revealed that ribose—a foundational component of ribonucleic acid (RNA)—was present
in the meteorites, as well as other biologically important sugars.

"Ribose is particularly essential as a building block of RNA, which could have both stored
information and catalysed reactions in primitive life on Earth," the researchers wrote in the study.

With further analysis, they also found that the sugars were extraterrestrial in origin, and not the
result of contamination here on the Earth.

The researchers also conducted a laboratory simulation experiment of a potential sugar formation
reaction in space.

The presence of pentoses (sugar molecules containing five carbon atoms) in meteorites, and the
composition of the products of the laboratory simulation suggest that the sugars found in the space
rocks were formed by a process called formose reaction, the researchers said in the study.

The sugars may have formed before, or immediately after the formation of the asteroids from which
the meteorites originated, the study said.

The researchers suggest that early life forming molecules, such as ribose, may have been delivered
to an early Earth by space rocks. — PTI
https://www.tribuneindia.com/news/-sugar-molecules-that-spurred-life-on-earth-found-in-space-
rocks/863557.html
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NASA Scientists confirm water vapor on Europa

By Lonnie Shekhtman

Forty years ago, a Voyager spacecraft snapped the first closeup images of Europa, one of Jupiter’s
79 moons. These revealed brownish cracks slicing the moon’s icy surface, which give Europa the look
of a veiny eyeball. Missions to the outer solar system in the decades since have amassed enough
additional information about Europa to make it a high-priority target of investigation in NASA’s
search for life.

What makes this moon so alluring is the possibility that it may possess all of the ingredients
necessary for life. Scientists have evidence that one of these ingredients, liquid water, is present under
the icy surface and may sometimes erupt into space in huge geysers. But no one has been able to
confirm the presence of water in these plumes by directly measuring the water molecule itself. Now,
an international research team led out of NASA’s Goddard Space Flight Center in Greenbelt,
Maryland, has detected the water vapor for the first time above Europa’s surface. The team measured
the vapor by peering at Europa through one of the world’s biggest telescopes in Hawaii.

Confirming that water vapor is present above Europa helps scientists better understand the inner
workings of the moon. For example, it helps support an idea, of which scientists are confident, that
there’s a liquid water ocean, possibly twice as big as Earth’s, sloshing beneath this moon’s miles-thick
ice shell. Another source of water for the plumes, some scientists suspect, could be shallow reservoirs
of melted water ice not far below Europa’s surface. It’s also possible that Jupiter’s strong radiation
field is stripping water particles from Europa’s ice shell, though the recent investigation argued against
this mechanism as the source of the observed water.

“Essential chemical elements (carbon, hydrogen, oxygen, nitrogen, phosphorus, and sulfur) and
sources of energy, two of three requirements for life, are found all over the solar system. But the third
— liquid water — is somewhat hard to find beyond Earth,” said Lucas Paganini, a NASA planetary
scientist who led the water detection investigation. “While scientists have not yet detected liquid water
directly, we’ve found the next best thing: water in vapor form.”

Paganini and his team reported in the journal Nature Astronomy on November 18 that they detected
enough water releasing from Europa (5,202 pounds, or 2,360 kilograms, per second) to fill an
Olympic-size swimming pool within minutes. Yet, the scientists also found that the water appears
infrequently, at least in amounts large enough to detect from Earth, said Paganini: “For me, the
interesting thing about this work is not only the first direct detection of water above Europa, but also
the lack thereof within the limits of our detection method.”

Indeed, Paganini’s team detected the faint yet distinct signal of water vapor just once throughout 17
nights of observations between 2016 and 2017. Looking at the moon from the W. M. Keck
Observatory atop the dormant Mauna Kea volcano in Hawaii, the scientists saw water molecules at
Europa’s leading hemisphere, or the side of the moon that’s always facing in the direction of the
moon’s orbit around Jupiter. (Europa, like Earth’s moon, is gravitationally locked to its host planet, so
the leading hemisphere always faces the direction of the orbit, while the trailing hemisphere always
faces in the opposite direction.)

They used a spectrograph at the Keck Observatory that measures the chemical composition of
planetary atmospheres through the infrared light they emit or absorb. Molecules such as water emit
specific frequencies of infrared light as they interact with solar radiation.
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Mounting Evidence for Water

Before the recent water vapor detection, there have been many tantalizing findings on Europa. The
first came from NASA'’s Galileo spacecraft, which measured perturbations in Jupiter’s magnetic field
near Europa while orbiting the gas giant planet between 1995 and 2003. The measurements suggested
to scientists that electrically conductive fluid, likely a salty ocean beneath Europa’s ice layer, was
causing the magnetic disturbances. When researchers analyzed the magnetic disturbances more closely
in 2018, they found evidence of possible plumes.

In the meantime, scientists announced in 2013 that they had used NASA’s Hubble Space
Telescope to detect the chemical elements hydrogen (H) and oxygen (O) — components of water
(H20) — in plume-like configurations in Europa’s atmosphere. And a few years later, other scientists
used Hubble to gather more evidence of possible plume eruptions when they snapped photos of finger-
like projections that appeared in silhouette as the moon passed in front of Jupiter.

“This first direct identification of water vapor on Europa is a critical confirmation of our original
detections of atomic species, and it highlights the apparent sparsity of large plumes on this icy world”
said Lorenz Roth, an astronomer and physicist from KTH Royal Institute of Technology in Stockholm
who led the 2013 Hubble study and was a co-author of this recent investigation.

Roth’s research, along with other previous Europa findings, have only measured components of
water above the surface. The trouble is that detecting water vapor at other worlds is challenging.
Existing spacecraft have limited capabilities to detect it, and scientists using ground-based telescopes
to look for water in deep space have to account for the distorting effect of water in Earth’s atmosphere.
To minimize this effect, Paganini’s team used complex mathematical and computer modeling to
simulate the conditions of Earth’s atmosphere so they could differentiate Earth’s atmospheric water
from Europa’s in data returned by the Keck spectrograph.

“We performed diligent safety checks to remove possible contaminants in ground-based
observations,” said Avi Mandell, a Goddard planetary scientist on Paganini’s team. “But, eventually,
we’ll have to get closer to Europa to see what’s really going on.”

Scientists will soon be able get close enough to Europa to settle their lingering questions about the
inner and outer workings of this possibly habitable world. The forthcoming Europa Clipper mission,
expected to launch in the mid-2020s, will round out half a century of scientific discovery that started
with a modest photo of a mysterious, veiny eyeball.

When it arrives at Europa, the Clipper orbiter will conduct a detailed survey of Europa’s surface,
deep interior, thin atmosphere, subsurface ocean, and potentially even smaller active vents. Clipper
will try to take images of any plumes and sample the molecules it finds in the atmosphere with its
mass spectrometers. It will also seek out a fruitful site from which a future Europa lander could collect
a sample. These efforts should further unlock the secrets of Europa and its potential for life.

Other Goddard researchers on Paganini’s team included Geronimo Villanueva, Michael Mumma,
and Terry Hurford. Kurt Retherford, from Southwest Research Institute, also contributed to the
research.

https://www.nasa.qgov/feature/goddard/2019/nasa-scientists-confirm-water-vapor-on-europa
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