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The Mars Science Laboratory (MSL) is an unmanned mission to Mars launched by NASA in the USA on November 26, 2011. A few weeks ago, it successfully landed the Mars rover called Curiosity, in Gale Crate on Mars on August 6, 2012.The rover carries a variety of scientific instruments designed by an international team. 

The Rover

Mars Curiosity is a car sized, six wheeled robot which carries a science laboratory to the planet Mars. This is an important step in the exploration of the possibility of life in Mars. Curiosity consists of 10 different instruments to help the search for the evidence for a definitive answer about whether once life existed on Mars. Curiosity does not contain any instruments to detect active processes that would signify present-day biological metabolism or to find any fossils. Instead it will assess the biological potential of Mars and its ability to sustain micro-organisms. It will search for traces of water, will study the geology and mineralogy of Mars and the radiation levels on the planet's surface. The Gale crater in Mars was chosen as the landing site of Curiosity. The Gale Crater is a basin with layered deposits that had formed over time and it likely contains good record of Mars' climate history.

BOX: Necessities for life

The conditions considered crucial for habitability of life are the presence of water, chemical ingredients utilized by life and source of energy. Gale Crater was intensely studied earlier and clay, minerals etc were detected in this site. Clay form under conditions with adequate liquid water. This suggests that once water has existed in the planet. Evidences from earlier studies also suggested that Mars was warmer and wetter 4 billion years ago. Today it has a very cold and dry environment. The reason for this transition is to be understood. Curiosity will seek additional evidences for water. Carbon containing compounds called organic molecules are an important class of ingredients of life that Curiosity can detect and inventory. Organic compounds contains one or more carbon atoms bound to hydrogen and other elements. They can exist with out life, but life cannot exist with out them. So their presence would be an important plus for the evidence of life. Curiosity will search for other chemical elements important for life such as Nitrogen, Phosphorous, Sulfur and Oxygen. Energy for life on Mars could come from sunlight, heat or mixtures of chemicals that could be exploited by biological metabolisms. 

END BOX

Mission Curiosity

The basic thing Curiosity will be doing is observing and capturing the detailed pictures of the Martian landscape. This mission has sophisticated camera systems that will be able to do 360 degree panoramas at a number of different wavelengths of light. These color images can be used to assess the local geology.

It has got a camera with a macro-lens that will show details of rock, like grain size, roundness, mineral cleavage planes and crystal shapes. This will help scientists to infer the type of weathering the rocks have experienced and how sedimentary layers have been deposited. All of these will give information about Mars' past environment. Images of videos of the sky will document contemporary processes, such as the movement of clouds and dust.

Element analysis with the Chemcam

Curiosity also has an instrument called Chemistry and Camera (ChemCam) that shoots laser light at rock or soil targets and vaporize the atoms. The vaporized atoms form a plasma that emits light. This light will be collected by a telescope, focused on to a fiber optic cable and carried to three spectrometers.

The spectra collected by these spectrometers will reveal the specific wavelengths of light emitted by different elements in rock, and thus will identify the elements. This instrument is sensitive to hydrogen so it can easily identify ice, water and hydrated minerals.

The instrument is also capable of directing hundreds of laser pulses at the same spot and drilling millimeters down into the rocks to find more about the weathering of rocks.

Rock and soil analysis with the APXS

There are other instruments called Alpha Particle X-ray Spectrometer (APXS) and Chemistry and Mineralogy (CheMin) which are dedicated to detailed analysis of rock and soil samples. Inside APXS, there is the radio active element Curium. Curium emits X-rays and alpha particles that are absorbed by rocks and soil. The element in the rocks and soil then emit X-rays and its energies are detected by the APXS sensor. Elements are identified from these energies. To complement the information from APXS, CheMin has X-ray capabilities that will identify minerals at concentrations as low as 3%. 

Chemistry-of-life analysis with SAM

The Sample Analysis at Mars investigations (SAM) consists of three instruments squeezed into a box the size of a microwave: a laser spectrometer, a gas chromatograph and a mass spectrometer. Separately and in combination these instruments will investigate the chemistry on Mars that is relevant to life – from the gases in the atmosphere to organic compounds on the surface. 

Atmospheric samples will be analyzed by a laser spectrometer that will measure concentrations of all important gases on Mar's atmosphere such as methane, carbon dioxide and water vapor. Isotope ratios of carbon and oxygen in these gases will also be measured. Isotopes are variants of the same element with different atomic weights. Ratios such as the proportion of carbon-13 to carbon-12 can provide insight into planetary processes. The carbon isotope ratio in the organic molecule methane could hold clues about whether methane is being produced by microbes or by a non-biological process.

The powdered rock and soil samples will be collected and heated to 1000deg in an on-board oven. This will release a mixture of volatile organic compounds to be separated by gas chromatography and then identified by their mass. SAM is capable of detecting a wide variety of organic compounds even in very small concentrations. 

The mass spectrometer in SAM identifies gases by the molecular weight and electrical charge of their ionized states. It will check for several elements important for life, including nitrogen, oxygen, phosphorous, sulfur, hydrogen and carbon. 

Environmental monitoring with REMS

The Rover Environmental Monitoring Station (REMS) will record information about daily and seasonal changes in Martian weather. This investigation will assess wind speed, wind direction, air pressure, relative humidity, air temperature, ground temperature, and ultraviolet radiation. Measurements will be taken for at least five minutes every hour of the entire mission period.

The radiation assessment detector (RAD) will detail the Martian atmosphere. RAD can detect high energy particles, including gamma rays, neutrons, ions and electrons that originates from the Sun and supernovae. High levels of radiation would make the surface inappropriate for life and break down organic compounds like bacteria. On Earth, we are protected from harmful radiations by our atmosphere and magnetic fields. Mars lacks a magnetic field and has a much thinner atmosphere. So it is important to know the radiations levels in Mars before we send humans to Mars in future missions. 

Underground mineral searches with DAN

The Dynamic Albedo of Neutrons (DAN) can detect water , bound into shallow underground minerals along Curiosity's path. The DAN instrument shoots neutrons into the ground and then it will be reflected by atomic nuclei, with some loss in energy as they bounce off. The energy of rebounded neutrons will tell scientists how much and at what depth hydrogen is located below the surface. 

How long will it work?

The total amount of information we get from Curiosity will depend to a great extent on how well it copes with conditions on Mars and how well it is operated and managed. The nuclear battery on Curiosity powered by the heat from Plutonium-238 will keep it running for many years. Hopefully it will be able to infer more about the origins of our planet and the origins of life.

