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1: Neutron decay | Revolvy
Evenson et al (a, b) discovered the solar neutron decay phenomenon when they measured the flux of 25âˆ’45 MeV
protons observed by instruments (belonging to University of Chicago) aboard the ISEE-3 spacecraft, during the
well-known event of June 3, This discovery allowed for the very important possibility to use measurements of neutron
decay products to obtain additional information on solar neutron events.

The effects of radiation on genes, including the effect of cancer risk, were recognized much later. In ,
Hermann Joseph Muller published research showing genetic effects and, in , was awarded the Nobel Prize in
Physiology or Medicine for his findings. The committee met in , and After World War II , the increased range
and quantity of radioactive substances being handled as a result of military and civil nuclear programmes led
to large groups of occupational workers and the public being potentially exposed to harmful levels of ionising
radiation. Units of radioactivity[ edit ] Graphic showing relationships between radioactivity and detected
ionizing radiation The International System of Units SI unit of radioactive activity is the becquerel Bq , named
in honor of the scientist Henri Becquerel. One Bq is defined as one transformation or decay or disintegration
per second. An older unit of radioactivity is the curie , Ci, which was originally defined as "the quantity or
mass of radium emanation in equilibrium with one gram of radium element ". For radiological protection
purposes, although the United States Nuclear Regulatory Commission permits the use of the unit curie
alongside SI units, [17] the European Union European units of measurement directives required that its use for
"public health Types of decay[ edit ] Alpha particles may be completely stopped by a sheet of paper, beta
particles by aluminium shielding. Gamma rays can only be reduced by much more substantial mass, such as a
very thick layer of lead. Nuclear drip line , Gamma decay , Internal conversion , Electron capture , Alpha
decay , Nuclear fission , Neutron emission , and Cluster emission Early researchers found that an electric or
magnetic field could split radioactive emissions into three types of beams. The rays were given the names
alpha , beta , and gamma , in increasing order of their ability to penetrate matter. Alpha decay is observed only
in heavier elements of atomic number 52 tellurium and greater, with the exception of beryllium-8 which
decays to two alpha particles. The other two types of decay are produced by all of the elements. Lead, atomic
number 82, is the heaviest element to have any isotopes stable to the limit of measurement to radioactive
decay. Radioactive decay is seen in all isotopes of all elements of atomic number 83 bismuth or greater.
Bismuth, however, is only very slightly radioactive, with a half-life greater than the age of the universe;
radioisotopes with extremely long half-lives are considered effectively stable for practical purposes. Types of
radioactive decay related to N and Z numbers In analysing the nature of the decay products, it was obvious
from the direction of the electromagnetic forces applied to the radiations by external magnetic and electric
fields that alpha particles carried a positive charge, beta particles carried a negative charge, and gamma rays
were neutral. From the magnitude of deflection, it was clear that alpha particles were much more massive than
beta particles. Passing alpha particles through a very thin glass window and trapping them in a discharge tube
allowed researchers to study the emission spectrum of the captured particles, and ultimately proved that alpha
particles are helium nuclei. Other experiments showed beta radiation, resulting from decay and cathode rays ,
were high-speed electrons. Likewise, gamma radiation and X-rays were found to be high-energy
electromagnetic radiation. The relationship between the types of decays also began to be examined: For
example, gamma decay was almost always found to be associated with other types of decay, and occurred at
about the same time, or afterwards. Gamma decay as a separate phenomenon, with its own half-life now
termed isomeric transition , was found in natural radioactivity to be a result of the gamma decay of excited
metastable nuclear isomers , which were in turn created from other types of decay. Although alpha, beta, and
gamma radiations were most commonly found, other types of emission were eventually discovered. Shortly
after the discovery of the positron in cosmic ray products, it was realized that the same process that operates in
classical beta decay can also produce positrons positron emission , along with neutrinos classical beta decay
produces antineutrinos. In a more common analogous process, called electron capture , some proton-rich
nuclides were found to capture their own atomic electrons instead of emitting positrons, and subsequently
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these nuclides emit only a neutrino and a gamma ray from the excited nucleus and often also Auger electrons
and characteristic X-rays , as a result of the re-ordering of electrons to fill the place of the missing captured
electron. These types of decay involve the nuclear capture of electrons or emission of electrons or positrons,
and thus acts to move a nucleus toward the ratio of neutrons to protons that has the least energy for a given
total number of nucleons. This consequently produces a more stable lower energy nucleus. A theoretical
process of positron capture , analogous to electron capture, is possible in antimatter atoms, but has not been
observed, as complex antimatter atoms beyond antihelium are not experimentally available. Shortly after the
discovery of the neutron in , Enrico Fermi realized that certain rare beta-decay reactions immediately yield
neutrons as a decay particle neutron emission. Isolated proton emission was eventually observed in some
elements. It was also found that some heavy elements may undergo spontaneous fission into products that vary
in composition. In a phenomenon called cluster decay , specific combinations of neutrons and protons other
than alpha particles helium nuclei were found to be spontaneously emitted from atoms. Other types of
radioactive decay were found to emit previously-seen particles, but via different mechanisms. An example is
internal conversion , which results in an initial electron emission, and then often further characteristic X-rays
and Auger electrons emissions, although the internal conversion process involves neither beta nor gamma
decay. A neutrino is not emitted, and none of the electron s and photon s emitted originate in the nucleus, even
though the energy to emit all of them does originate there. Internal conversion decay, like isomeric transition
gamma decay and neutron emission, involves the release of energy by an excited nuclide, without the
transmutation of one element into another. Rare events that involve a combination of two beta-decay type
events happening simultaneously are known see below. Any decay process that does not violate the
conservation of energy or momentum laws and perhaps other particle conservation laws is permitted to
happen, although not all have been detected. An interesting example discussed in a final section, is bound state
beta decay of rhenium In this process, beta electron-decay of the parent nuclide is not accompanied by beta
electron emission, because the beta particle has been captured into the K-shell of the emitting atom. An
antineutrino is emitted, as in all negative beta decays. Radionuclides can undergo a number of different
reactions. These are summarized in the following table. A nucleus with mass number A and atomic number Z
is represented as A, Z. The column "Daughter nucleus" indicates the difference between the new nucleus and
the original nucleus. If energy circumstances are favorable, a given radionuclide may undergo many
competing types of decay, with some atoms decaying by one route, and others decaying by another. An
example is copper , which has 29 protons, and 35 neutrons, which decays with a half-life of about This
isotope has one unpaired proton and one unpaired neutron, so either the proton or the neutron can decay to the
opposite particle. The excited energy states resulting from these decays which fail to end in a ground energy
state, also produce later internal conversion and gamma decay in almost 0. More common in heavy nuclides is
competition between alpha and beta decay. The daughter nuclides will then normally decay through beta or
alpha, respectively, to end up in the same place.
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2: Solar Neutrons and Related Phenomena (Astrophysics and Space Science Library) - PDF Free Downloa
solar gamma rays generated in processes like nuclear reactions between solar energetic charged particles and matter of
the solar atmosphere, as well as by the capture of solar neutrons by hydrogen atoms in the solar atmosphere; the
propagation of solar neutrons, solar gamma rays and other secondary particles through the solar photosphere,
chromosphere and corona, as well as through interplanetary space and through the Earth's atmosphere.

About this site Neutrinos from beta decay Neutrinos are born in various decays, which is when a particle
changes from one type into another. There are a couple of ways this can happen. This is particle decay. Muons
are unstable and decay into their lighter counterparts, electrons, in about 2. Nonelementary, or composite,
particles can also change and emit neutrinos. This is especially important in the protons and neutrons that
make up atoms. In a beta decay, a neutron made of one up quark and two down quarks can transform into a
proton made of two up quarks and one down quark , an electron, and an electron antineutrino. This reaction
can happen in a neutron within an atom or a free-floating neutron. One type the kind that happens in nuclear
reactors is when a neutron turns into a proton. Protons and neutrons consist of fundamental particles called
quarks. A down quark within the neutron transforms into an up quark, changing the neutron into a proton and
changing the atomic element as a result. The laws of physics require that a few different properties be
conserved, so the process also releases an electron and an electron antineutrino. On occasion, two beta decays
happen almost simultaneously, releasing two electrons and two electron antineutrinos. This is the aptly named
double beta decay. An even rarer process, if it exists, would be neutrinoless double beta decay. In this reaction,
two neutrons would become two protons, a virtual neutrino exchange would cause the antineutrino emitted by
one beta decay to be reabsorbed in the second decay, and electrons would carry away all the energyâ€”but this
requires neutrinos to have a special property. Most experiments to study neutrinoless double beta decay use a
large amount of very pure material and look for electrons carrying away a signature amount of energy. This
method is difficult because any amount of background radiation coming from the equipment, atmosphere, or
nearby surroundings can create so much noise and confusion that the decay might go unnoticed. Even the
normal activity of atoms bouncing around can cause problems, so experiments often operate at temperatures
colder than outer space. Some of the more common elements used for these experiments include germanium,
cadmium, and xenon.
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Evenson et al (a, b) discovered the solar neutron decay phenomenon when they measured the flux of 25âˆ’45 MeV
protons observed by instruments (belonging to University of Chicago) aboard the.

The neutron can be detected by its capture on an appropriate nucleus, releasing a gamma ray. The coincidence
of both events â€” positron annihilation and neutron capture â€” gives a unique signature of an antineutrino
interaction. The experiment was performed in a specially prepared chamber at a depth of 3 km in the ERPM
mine near Boksburg. A plaque in the main building commemorates the discovery. The experiments also
implemented a primitive neutrino astronomy and looked at issues of neutrino physics and weak interactions
[24]. Neutrino flavor[ edit ] The antineutrino discovered by Cowan and Reines is the antiparticle of the
electron neutrino. In , Leon M. Lederman , Melvin Schwartz and Jack Steinberger showed that more than one
type of neutrino exists by first detecting interactions of the muon neutrino already hypothesised with the name
neutretto , [25] which earned them the Nobel Prize in Physics. When the third type of lepton , the tau , was
discovered in at the Stanford Linear Accelerator Center , it too was expected to have an associated neutrino the
tau neutrino. First evidence for this third neutrino type came from the observation of missing energy and
momentum in tau decays analogous to the beta decay leading to the discovery of the electron neutrino. The
first detection of tau neutrino interactions was announced in by the DONUT collaboration at Fermilab ; its
existence had already been inferred by both theoretical consistency and experimental data from the Large
Electronâ€”Positron Collider. Solar neutrino problem In the s, the now-famous Homestake experiment made
the first measurement of the flux of electron neutrinos arriving from the core of the Sun and found a value that
was between one third and one half the number predicted by the Standard Solar Model. This discrepancy,
which became known as the solar neutrino problem , remained unresolved for some thirty years, while
possible problems with both the experiment and the solar model were investigated, but none could be found.
Eventually it was realized that both were correct, but rather it was the neutrinos themselves that were far more
interesting than expected. It was postulated that the three neutrinos had nonzero and slightly but
indistinguishably different masses, and could therefore oscillate into undetectable flavors on their flight to the
Earth. This hypothesis was investigated by a new series of experiments, thereby opening a new major field of
research that still continues. Eventual confirmation of the phenomenon of neutrino oscillation led to two Nobel
prizes, to Raymond Davis, Jr. Neutrino oscillation A practical method for investigating neutrino oscillations
was first suggested by Bruno Pontecorvo in using an analogy with kaon oscillations ; over the subsequent 10
years he developed the mathematical formalism and the modern formulation of vacuum oscillations. In
Stanislav Mikheyev and Alexei Smirnov expanding on work by Lincoln Wolfenstein noted that flavor
oscillations can be modified when neutrinos propagate through matter. This so-called
Mikheyevâ€”Smirnovâ€”Wolfenstein effect MSW effect is important to understand because many neutrinos
emitted by fusion in the Sun pass through the dense matter in the solar core where essentially all solar fusion
takes place on their way to detectors on Earth. Starting in , experiments began to show that solar and
atmospheric neutrinos change flavors see Super-Kamiokande and Sudbury Neutrino Observatory. This
resolved the solar neutrino problem: Although individual experiments, such as the set of solar neutrino
experiments, are consistent with non-oscillatory mechanisms of neutrino flavor conversion, taken altogether,
neutrino experiments imply the existence of neutrino oscillations. The KamLAND experiment has indeed
identified oscillations as the neutrino flavor conversion mechanism involved in the solar electron neutrinos.
Similarly MINOS confirms the oscillation of atmospheric neutrinos and gives a better determination of the
mass squared splitting. McDonald of Canada received the Nobel Prize for Physics for their landmark finding,
theoretical and experimental, that neutrinos can change flavors. Cosmic neutrinos[ edit ] Raymond Davis, Jr.
These efforts marked the beginning of neutrino astronomy. Also being leptons, neutrinos have been observed
to interact through only the weak force , although it is assumed that they also interact gravitationally. Flavor,
mass, and their mixing[ edit ] Weak interactions create neutrinos in one of three leptonic flavors:
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4: Neutrino - Wikipedia
Chapter 7. Observations of Solar Neutron Events by Neutron Monitors, Solar Neutron Telescopes and Muon Detectors,
and their Interpretation.- Chapter 8. The Solar Neutron Decay Phenomenon.- Chapter 9.

Astrophysics and Space Science Library For further volumes: Vitaly Lazarevich Ginzburg, Academician,
Nobel Laureate Preface Short Historical Overview In the s, two phenomena in the field of cosmic rays CR
forced scientists to think that the Sun is a powerful source of high-energy particles. The second phenomenon
was discovered when large fluxes of high energy particles were detected from several solar flares, or solar CR.
These are the socalled ground level events GLE , and were first observed by ionization chambers shielded by
10 cm Pb and detected mainly from the secondary muon-component CR that they caused during the events of
the 28th of February , the 7th of March , the 25th of July , and the 19th of November The first phenomenon
was investigated in detail in Dorman M , by first correcting experimental data on muon temperature effects
and then by using coupling functions to determine the change in particle energy caused by the solar-diurnal
CR variation. It was shown that the generally accepted opinion of that time concerning the continuous flux of
CR from the Sun was absolutely wrong, since the newly discovered direction turned out to be perpendicular to
the Sunâ€”Earth line. It furthermore became clear that the Sun is not a continuous source of CR; rather, CR
particles must come from interstellar space, i. These include neutrons, first supposed by Biermann et al. On
the other hand, solar CRs must affect chemical and isotropic contents of the solar atmosphere, also as a result
of the afore-mentioned nuclear reactions. The problem of solar neutrons and related phenomena came to the
forefront after the solar flares of August when solar gamma rays were discovered , as well as after the flares of
June and June , when solar neutrons were discovered. However, many years before, forecasts and rough
estimations were made of the expected nuclear reactions of solar energetic particles with the matter of the
solar atmosphere, and of the generation of solar neutrons and gamma rays, in the frame of some simple
models. I continued to have an interest in the problem of solar neutrons in â€”, when, together with Prof.
Venkatesn, I worked at Calgary University Canada on the review on solar cosmic rays. Physical Motivation
and Background What is the physical sense, considered in this book, of the problem of solar neutrons and their
related phenomena? This also means that the investigation of nuclear reactions of energetic particles in stellar
atmospheres must necessarily begin with the Sun. On the other hand, in laboratory conditions using
accelerators of energetic particles , a lot of nuclear reactions have been discovered and investigated in detail.
For example, for the generation of Preface ix neutrons, it is necessary to take into account Lingenfelter et al.
During nuclear reactions, a lot of excited and radioactive nuclei are formed that generate g-ray lines, positrons,
and other decay products e. The bremsstrahlung of the generated relativistic electrons results in continuous
g-ray radiation. It is important to note that the generation of neutrons, gamma-rays, positrons and other
secondary particles is determined not only by the contents and energy spectrum of the accelerated charged
particles during a solar flare, but also, it depends on chemical and isotopic contents, temperature, and vertical
density distribution in the solar atmosphere, in the region where nuclear reactions occur along with the
propagation of neutrons, positrons, and gamma-rays. It is important to note that investigations of solar
neutrons and related phenomena give not only unique information on accelerated solar particles directly at the
source including their chemical and isotopic composition , but also information on background plasmas,
including their density and temperature distribution, and information on the mechanisms of energetic particle
acceleration and propagation in the solar atmosphere. This dearth of events is probably related to the very low
period of solar activity corresponding with the current, anomalously long solar minimum. In Chapter 1, we
consider the problem of solar neutrons and related phenomena as it was before the discovery in of solar
gamma-rays and in â€” solar neutrons. The first supposition that high energy particles may be generated on the
Sun as a result of nuclear interactions of accelerated charged solar flare particles with solar atmospheric matter
was made in , by L. In the s and at the beginning of the s, many model calculations and flux estimations for
solar neutrons and gamma-ray lines were made in key papers by E. We also consider in Chapter 1 estimations
of expected solar neutron and gammaray fluxes from some historically powerful flares that generated
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energetic charged particles. We examine the search for solar neutrons by balloon and space probe experiments
as well as by ground measurements, and the search for solar gammarays. We underline that all attempts to
search for solar neutrons and gamma-rays before the events of , and gave only the upper limits for the fluxes
from the Sun during quiet periods and chromospheric flare events. Chapter 2 is devoted to the detailed
description of the famous discovery by the 0. The discovery was made by E. Only upper limits of the 0.
However, during two very short periods several minutes during the flares of the 4th and 7th of August, , real
fluxes were measured for the positron annihilation line 0. This chapter is very short, but because of the great
importance of these first positive results, we decided to leave them in their own unit, we devote the detailed
description of solar gamma ray dicsovery to a separate chapter. We describe in Chapter 3 the discovery of
solar neutrons. This famous discovery, by E. Share during the event of June 21, using the Gamma Ray
Spectrometer aboard the SMM satellite, showed that for large energy loss events 10â€” MeV and 25â€” MeV ,
the measured pulses are not caused by gamma-rays, but rather, by neutrons. During the second event, on June
3, , solar neutrons were simultaneously measured by both SMM and ground based neutron monitors for the
first time this seminal work appears in key papers by E. This chapter is based on the key papers of H. Let us
note that on satellites, a significant po -decay peak at 70 MeV was observed for the first time during the solar
neutron event of March 6, key paper of P. Thanks to the charge invariance of neutrons and protons, it is
important to note that for high-energy neutrons, we can use the coupling functions and integral multiplicities
found for galactic and solar CR protons using theoretical calculations of cascades in the atmosphere as well as
from geomagnetic effects. In this way, the main results of the key papers of E. Corresponding papers dealing
with other, inclined zenith angles was published via L. Thus, the so-called refraction effect of solar neutrons,
which depends on the arriving angle, the energy of the neutrons, and the atmospheric level at the place of
observation, was determined with great accuracy. It was shown for the first time, in a key paper by D. Chapter
6 deals with statistical investigations of solar neutron events on the basis of ground observations. On the other
hand, no positive visible effect was found on the basis of the high altitude Chacaltaya neutron monitor
discussed in a key paper by N. We show that this negative result may have been caused mostly by choosing
solar flares, which are characterized by great solar zenith angles. To check the statistical effect of solar
neutrons, data from the high-altitude Tyan Shan neutron monitor are analyzed in detailed in key papers by V.
It was shown that the statistical solar neutron effect exists if one chooses X-ray flares characterized by a small
solar zenith angle with respect to the point of observations. Chapter 7 is devoted to observations of solar
neutron events by neutron monitors, solar neutron telescopes, and by other ground-based detectors, as well as
to the interpretations of these results, all while taking into account observations of related phenomena. We
start from the descriptions of the investigations of solar neutron events measured by the Tyan Shan
high-altitude neutron supermonitor as appears in the key paper of V. In this chapter, we consider many solar
neutron events, each of them having different peculiarities. A great volume of new information including on
the solar neutron refraction effect was obtained during investigations of the largest event observed as of â€”
the event of May 24, as shown in key papers by T. Special interest is given to the solar neutron event of June
1, , when surprisingly intense neutron emission was observed from a flare behind the limb of the Sun as
reported on in key papers by C. Investigation of solar neutron events in association with the large solar flares
of July and Marchâ€”April by E. Sakai lead to the important conclusion that three categories of solar neutron
events exist. Preface xiii In Chapter 8, we consider the solar neutron decay phenomenon, discovered by P.
This discovery highlighted the very important possibility of using measurements of neutron decay products to
obtain additional information on solar neutron events. More detailed information on solar neutron decay
protons including on their generation and propagation into interplanetary space was obtained during a much
bigger solar neutron event on April 24, The first observation of electrons from solar neutron decay was made
also on the ISEE-3 spacecraft during the event of June 21, a key paper by W. It was shown in the pioneering
key papers of B. Troitskaia that one could determine the solar plasma density altitude profile in the region
where solar neutrons are generated and propagated up to the photosphere , using measurements of the time
profile of the neutron capture gamma-ray line 2. The origin of long-duration solar gamma-ray flares in which
high-energy photon emission is present well beyond the impulsive phase, indicating the presence of either
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stored or continuously accelerated ions was investigated in the key papers of J. The present situation favors
either the acceleration of protons and ions for long periods of time by second order Fermi acceleration in large
coronal loops, or, alternatively, acceleration in large-scale, CME-associated reconnection sheets. The
possibilities of solar gamma-ray spectroscopy are demonstrated in key papers by M. Suga through their
investigations of the 3He contents of the photosphere 3He is thought to be produced primarily by the nuclear
synthesis occurring in the early universe, and its abundance is used to place a constraint on cosmological
models. Since the photospheric 3He abundance cannot be determined by optical spectroscopy, observations of
the neutron capture line at 2. Because of the time required for the neutrons to slow down and be captured, the
2. The other example brought here is regarding the temporal variations of ambient plasma abundances in the
acceleration region. This chapter describes quite a few solar gamma ray events, and each of these events is
characterized by different important peculiarities as detailed in the Contents. In Chapter 10, important
phenomena related to the problem of solar neutrons are considered, namely: Direct annihilation and singlet
state positronium emit two keV photons, while triplet state positronium produces three gamma-rays
positronium continuum below keV. A ratio of 3g to 2g depends on the ambient density. The line width is a
function of the temperature of the annihilation site. Therefore, detailed measurements and modeling of
phenomena caused by solar positron generation and annihilation will give important information regarding not
only solar energetic particles, but also the ambient plasma. Share, in a key paper, treat in detail positron
production from the decay of radioactive nuclei produced in the nuclear reactions of accelerated 3He because
of their large cross sections and low threshold energies, these reactions can significantly contribute to positron
production in solar flares with accelerated particle compositions enriched in 3He. Chapter 11 describes the
development of models and simulations for solar neutron and gamma-ray events. The detailed model of solar
flare neutron production and the angular dependence of the 2. In key papers of X. Important models and
simulations for the estimation of the intensity and directionality of flare-accelerated a-particles on the Sun
using gamma-ray observations were developed in key papers by G. The method for estimating the spectral
evolution of energetic protons in solar flares using gamma-ray observations and simulations was developed in
a key paper by W. Important methods and simulations of the estimation characteristics of energetic heavy ions
on the Sun were developed in a key paper by G. Murphy, using gamma-ray measurements. A model for the
estimation by gamma-rays the ratio of interacted to interplanetary energetic protons in the case of diverging
magnetic field lines with stochastic acceleration was developed in key papers by L. The model for estimating
the ratio of interacted to interplanetary energetic protons by gamma-ray measurements in the case of diverging
magnetic field lines and parallel shock wave acceleration was developed in a key paper by R. The expected
change with time of the angular distribution of gamma-ray fluxes from decay of p0-mesons generated by
interactions of solar energetic particles with matter of solar corona and solar wind was calculated in Preface xv
papers by L. In order to estimate the ratio of interacted energetic particles to ejected into interplanetary space
in high energy region during solar fare events, J. Ryan developed a model using measurements of gamma-rays
generated in p0-decays. Stupp developed a both a model and a Monte Carlo simulation for estimating the
angular and energy-dependence of neutron emissions from solar flare magnetic loops. In this Chapter, we also
consider the expected production of light isotopes, which occurs because of nuclear interactions and
acceleration in the flare region as shown in a key paper by S. Important investigation of powerful solar flare
characteristics by gamma rays from excited states of 12C and various neutron capture lines was done in key
paper of I. The detailed Contents gives information on the problems discussed in the various parts of the book.
Furthermore, there is a list of Frequently Used Abbreviations and Notations. After Chapter 11 there is an
Appendix, which contains details of some complicated calculations, and then Conclusions and Problems,
where we summarize the main results and propose some unresolved key problems that we feel are important
for the development of this field of science. In the References, there are separate references for Monographs
and Books in the text they are marked by the letter M before the year of publication , as well as for each
Chapter and Appendix. As an added convenience to the reader, there are also Subject and Author indexes. My
Teachers in science and in life â€” Prof. Evgeny Lvovich Feinberg â€” and Prof. The First Model
Calculations.
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the propagation of solar neutrons, solar gamma rays and other secondary particles through the solar photosphere,
chromosphere and corona, as well as through interplanetary space and through the Earth's atmosphere.

Atmospheric drag Atmospheric drag at orbital altitude is caused by frequent collisions of gas molecules with
the satellite. It is the major cause of orbital decay for satellites in low Earth orbit. For the case of Earth,
atmospheric drag resulting in satellite re-entry can be described by the following sequence: Decay is also
particularly sensitive to external factors of the space environment such as solar activity, which are not very
predictable. Space stations typically require a regular altitude boost to counteract orbital decay see also orbital
station-keeping. Uncontrolled orbital decay brought down the Skylab space station, and relatively controlled
orbital decay was used to de-orbit the Mir space station. However, orbital decay is also a limiting factor to the
length of time the Hubble can go without a maintenance rendezvous, the most recent performed successfully
by STS , with space shuttle Atlantis launching May 11, , though newer telescopes are in much higher orbits, or
in some cases in solar orbit, so orbital boosting may not be needed. Please help improve this section by adding
citations to reliable sources. Unsourced material may be challenged and removed. February Further
information: Tidal locking An orbit can also decay by tidal effects when the orbiting body is large enough to
raise a significant tidal bulge [ clarification needed ] on the body it is orbiting and is either in a retrograde orbit
or is below the synchronous orbit. Light and thermal radiation[ edit ] Main articles: Poyntingâ€”Robertson
effect and Yarkovsky effect Small objects in the Solar System also experience an orbital decay due to the
forces applied by asymmetric radiation pressure. Ideally, energy absorbed would equal blackbody energy
emitted at any given point, resulting in no net force. This results in a very small acceleration parallel to the
orbital path, yet one which can be significant for small objects over millions of years. For an object with
prograde rotation, these two effects will apply opposing, but generally unequal, forces. Two-body problem in
general relativity Gravitational radiation is another mechanism of orbital decay. It is negligible for orbits of
planets and planetary satellites when considering their orbital motion on time scales of centuries, decades, and
less , but is noticeable for systems of compact objects , as seen in observations of neutron star orbits. All
orbiting bodies radiate gravitational energy, hence no orbit is infinitely stable. Stellar collision The coming
together of two binary stars when they lose energy and approach each other. Several things can cause the loss
of energy including tidal forces , mass transfer , and gravitational radiation. The stars describe the path of a
spiral as they approach each other. This sometimes results in a merger of the two stars or the creation of a
black hole. In the latter case, the last several revolutions of the stars around each other take only a few
seconds. Mass concentration astronomy While not a direct cause of orbital decay, uneven mass distributions
known as mascons of the body being orbited can perturb orbits over time, and extreme distributions can cause
orbits to be highly unstable. The resulting unstable orbit can mutate into an orbit where one of the direct
causes of orbital decay can take place. Official Website of China Manned Space. China Manned Space
Engineering Office. Retrieved 1 April
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Prompt neutron topic. In nuclear engineering, a prompt neutron is a neutron immediately emitted by a nuclear fission
event, as opposed to a delayed neutron decay which can occur within the same context, emitted after beta decay of one
of the fission products anytime from a few milliseconds to a few minutes later.

I heard about this proton and neutron decay thing, if this is true would it allow a singularity to decay since it
must be composed of infinintly compacted neutrons or protons? I say theory becuase it would not be possible
to observe the decay over a sensible time scale, or am i mistaken? Hi Jake, Well, first the data. Protons have
not been observed to decay, but neutrons decay all the time. The lifetime of a neutron all by itself is about
seconds. Neutrons decay into a proton, an electron, and an electron-type antineutrino. This decay proceeds by
the mostly understood process of the weak interaction, by exchange of a virtual W- boson between a
down-type quark in the neutron changing it into an up-type quark , and the electron and antineutrino. There are
still some mysteries about the weak interaction Why is it there? Why is it weak? Which can be formulated as
-- why is the W boson heavy? It has a mass of about 80 proton masses. Neutrons weigh just a little more than
protons so this process proceeds. If protons were heavier, it would be protons that decayed via the weak
interaction and not neutrons. Neutrons decay when by themselves but do not do so when bound inside of
atomic nuclei well, many kinds of nuclei. Some nuclei in fact decay in exactly this way -- one of the neutrons
decays. But in some nuclei, neutron decay is possible and favored. A proton cannot decay into a lighter baryon
particle made up of three valence quarks, like a neutron. It must decay into something else, such as maybe a
pion and a positron and an electron-type neutrino; this is one of the things people look for when they seek
proton decay. The lower limit on the proton lifetime is 1. The reason for this discrepancy is that if protons
decayed by a variety of different mechanisms, and we do lots of experiments looking for each one separately,
we will be less sensitive than if protons all decayed the same way. Each kind of decay can "sneak under our
limit" and the sum of all of them can be larger than if they all decayed the same way and some experiment
turning up lots of obvious proton decay signals. The more the better! The big experiments are gigantic tanks of
water underground, with sensitive light-amplifying detectors all around the tank. They are underground
because cosmic rays can penetrate inside and create flashes of light which can confuse the results. GUTs are
not accepted scientific theory, because there is no experimental evidence for them. Can a neutron decay into a
hydrogen atom? If a neutron decays into a proton and an electron does it form a hydrogen atom as an end
product? Yes, it can happen but very, very infrequently. Matters are further complicated by the fact that there
is also an electron anti-neutrino involved in the reaction. Since the binding energy of an electron in a hydrogen
atom is only 13 eV electron Volts and the kinetic energy released in the decay is over million eV the electron
and proton tend to just fly apart. It just carries off some of the kinetic energy. From time to time the neutrino
will carry off enough energy to leave the electron and proton relatively at rest. In that case they can form a
hydrogen atom. Experiments have been performed looking for this effect. It has been observed but seems to
occur on average 4 times out of one million neutron decays.
7: Solar Neutrons and Related Phenomena - CORE
As I already explained, the neutron can decay into a proton, an electron, and an electron antineutrino by the weak
interaction. The mechanism is the turning of a down quark in the neutron into an up quark, something that is possible if
the down quark emits a negatively charged W boson.

8: Orbital decay - Wikipedia
Phenomena related to solar neutrons are more specifically: the decay products of solar neutrons solar gamma rays
generated in processes like nuclear reactions between solar energetic charged particles and matter of the solar
atmosphere, as well as by the capture of solar neutrons by hydrogen atoms in the solar atmosphere the propagation of.
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