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research on nuclear decays in general, with an explanation of empirical phenomena of "cold fusion
and" cold fission "
and cold nuclear transmutation.

At the base of the research is the assumption that the decay of the excited atoms can be driven by
fields assionici, (hypothesis taken from theories of Mr. Frank Wilczek) with exchange of "axions"
between electrons and between nuclei at speeds exceeding r luminal

and with axions (particles gremlins), bosonic particles particular, with speed> 10 ~ +62 c that in
special cases of disturbance decay in a very short time in photons. (about 10 ~ -28 seconds) with
speed c (light velocity). Personally | prefer the term particles gremlins.

Particular fields, with exchanges between groups of particles, have been hypothesized many
times, by many theorists, to explain the anomaly of condensed matter, and the formation of
crystals and all the various "condensation" of matter, sub-micron level, where the normal
electrostatic forces of Van der Wals not have sufficient strength to " "bonding of crystals.

The contraindication for this theory, is that they never measured these particles, which

They are usually represented by photons. Or the like.

I believe that have never been measured, because the particles are exchanged speed

Huge, superluminal, almost instantaneous, more than 10 * +62 ¢

Fields assionici are fundamental in the phenomena of so-called cold fusion and cold
transmutations.

the nuclei depending on the speed of execution or excitement,

may produce different decay modes . And explain why we may have different decay modes, such
as

decay times of the order of 10 ~ -10 seconds.,

produce many photons broad spectrum for the dropout quote of the core.

times of the order of 10 ~ -23 seconds, producing a single photon range, or in the case of beta
decays neutrinos and electrons.

We can produce a new understanding of the phenomena

of decay electro-weak and strong force, which are present in the nucleus,

derived from the findings of high-energy physics, and from the observations and

experimental data not standard, called cold fusion, or
from nuclear disasters from cosmological observations, results from

experimental variations of strange decay rates.

This article is the first part of an analysis of weak decays. and mergers, in nuclei with atomic
number not exceeding 3



followed by another article, with the analysis of alpha decays, and the analysis of the different
decays, on the basis of the density of the nuclei. And with atomic number greater than 3.

First part-introduction and explanation of electron capture energy in nuclei, and possible mergers

1 --- Abstract
Empirical semi-classical decay beta decays to electron capture, and phenomena of "cold fusion”

This article discusses a statistic empirical dedhysf -.,. derived from macroscopic observables.
In this way, we can find and "isolate" sensitiveighales which determine the frequency of decay of
nuclei.and we can begin to understand how to intervenartificially change the natural rates of
decay, and find ways to decay, fission and fusdéenutenergy conditions"” cold "

We can identify the underlying mechanism that aflotype of decays,

and to understand why the phenomena of deca@ for for electron capture and dec@lyare
driven by the same basic principles

we can understand the mysterious mechanisms aititalled Cold Fusion., and explains how to re
nuclear fusions occur in environments with very ldensity energy.

We can understand how the nuclei, using energyir@mwental concentration is not high, can have
behaviors that seem to be possible only for largeges,

The statistics electro - weak are based on thergssan that every phenomenological decay

electroweak, must be mediated by Higgs bosons degayo Z ° and W&F , And produce a phase

strange,
The quarks change flavor, in the interaction off®Sons created by the excitement of the local
vacuum, and that modify the stangeness of quarkighadecay into down and up with the issue of

W bosonst and modification of electrical charge.

Fig.1-pictorial image of the interior of a protamith phase "strangeness



2 ---- Introduction

At the base of the decays, we assume a physicdlanexen of illumination and detection of areas
with a defined radius of about 10-18rtA&bout 1 Tev of wave amplitude)

The hypothesis that provides illuminating a spath smaller radius 10-18mt, the probability of
production of bosons virtual Z ° becomes very hayid bosons products can interact with the
quark, and then return the debt energetic vacuuimawi annihilation process very special.

On their way, the Z ° bosons interact with the geaf the nuclei, and it tastes change, a process

that ends with the issuance of W bosanand change in electric charge of the quarks.

d

Fig.2 Diagram-boson Z °-quark interaction and cleaofgtaste

The production Z °, begins with the lighting or ghetermination of

space between electrons and quark up of the asrthe same process can occur with sudden
jumps in density and internal temperature of thetane of quark core for imbalances of bond
energies.

Under typical energy of electron capture, an etecin a state of oscillation energy with vacuum.
Tau can reach the state and exist in the intefitheonucleus.

The electrons reach the state Bsudo the neutrinos, and Tau are in the statebfoutal 0 ~ -28
seconds.

In these times, they can not interact with the kisigaind the oscillation ends without producing any
phenomena.

In the state Tau electrons can have functions t@nema and exchange photons / virtual axions with
internal and external electromagnetic fields prediioy the quark core or special conditions of
electrons "protruding.

The electron in a state Tau inside the nucleus witteased energy state by the simultaneous
reception of photons / axions (so basically a iqdloton), brings the core was stran ge, for times
less than 10-27 sec, maybe we are on 10 ~ -23 decand beta decays into normally. Hardly the
nucleus in this state will be able to interact wather nuclei.

This process leads to the decay of nuclei themsdbreslectron capture when a condition exists
with natural imbalances in the composition of tibads internal energy of the nucleus with
relatively rich unstable nuclei of protons than tnens.

In the case of beta decay the same normal qudnk$ops produce the necessary



for the state strange, with jumps in density betwtsem, for the illumination of spaces required for
the formation of bosons Z °.

In the case of cold fusion, the nuclei have beeange times in the order of 10-10 seconds,
because the electron Tau was unable to receivephaissionici from about one billion electron
present in the environment in the form of a vortex.

We can produce electronic captures artificial, weitlains of electrons in the vortex artificially
brought in the right energy conditions, with enemggut from external electric fields, which
induces spin chains of millions of electrons t@ratt with the electromagnetic fields of the irdgeri

of the nucleus quark., with the production of Higpgsons which decay to Z ° decaying intof\V

Electrons in the vortex around the cores, can predun exchange of photons super - luminal with
the quark of the core, or with an electron in sfiaa within the nucleus.
We can describe the behavior of vortices eurigtithout resorting to very complex

calculationsWe can infer, from the experimental data, the aocsbn of vortices of electrons,

with diameter approximately around 10 ~ - 8).~-10m, in number of at least one billion, witry
low speed, around a few hundred nuclei of hydragesteuterium,

and the energy required to maintain the vortexbmtaken from electromagnetic fields is not
particularly intense, present in the environment.

Personally, | believe that the photons emittedhaydlectrons to stay in a circle,

can become a kind of bosons assionici with supenahvelocity, and be absorbed in times around
10 ~ -28 seconds by electrons in state or Tau niswiag with the vacuum, and inside the nuclei,
for example, <we can approximate the energy retepseelectron to 1MeV, sing and produce a
photon or 1 Gev (with a billion electrons),

which allows the Tau to remain in this state for time ranging from 10 ” -16 seconds, 10 * -10
seconds and produce a prevalence of strange geard sjuarks inside the nucleus.

The transfer speed of the photons is virtuallyansineous, (approximatety0” -28 seconds), and
then

s i can build the photon with the energy neceskarthe normal production of quark-
annihilationthe sea in the nucleus, the state of the strangek quevail.

The phenomenon is quite similar to that ¢ h wasswel in the transfer of photons

In the process photo - synthetic between antenmxsetnal and 2 internal antennas ..

Possibly, also the phenomenon could occur at Mosstsuperluminal speed,

with the involvement of many nuclei in crystalsthva radius of about one micron,

in line with the observation of energy transfertheade not Planck ,

superluminal speed in crystals with a radius ofuatiom cron.

This would be a good experimental evidence in fapfdhe hypothesis.
the trade or particles assioniche or gremlins gheuhich in practice are photons at super-luminal
and which decay into photons normal at light sgaetbrmal conditions of interference ..

A similar mechanism occurs in the de¢ayIn unstable nuclei neutron-rich compared to tteggn
or vice versa, in this case the space of at |€a4i8int is identified by vibrations of the quark of
nucleons the core components with production Ad, @nsequent decay.

All these cases have in common the identificatibaroarea of less than

10-18mt, (wave amplitude of a Tev) and the formmabbvirtual bosons Z ° from the vacuum.
We can think of the lighting of a space of 10-18suich as the formation of rings "heavy light"
surrounding the nuclei, composed of light heavyualZ ° bosons with energy of about 90Gev.



Fig 3. -diagram with vertex function of changes in the dlaef quark interaction with the Z °
bosons
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Figure 4 - decay phase strange quark by emissitin\Wi+ boson

The mechanisms of the decays allow to identifyltbleaviors that are the basis of mergers weak
induced transmutations with "surprising” associatétl low energy nuclear effects and amazing
and surprising effects of elimination of gamma atidn with effects, which allow the emission of
photons in cascades of times of 10 ” -10 secondsd¢ase the excess energies, while we would
normally outputting a single range of relaxatioemgy.or the emission of electrons and anti-
neutrino or positron and neutrino, to comply while tlecay times of 10-23 seconds of the change of
state for strange normal beta decay or even thefmfusion of nuclei.

Similar mechanisms delete the gamma photons amd pamd neutrinos in the decay of strange
quarks.



Fig.5-diagram cancellation mechanism in the vacofithe Higgs boson
With this data, we can infer a golden rule of ptuhbstic behavior of the decays
-A quark decays with a strange phase in downvifa$ in the up state, and vice versa. -

For example-

In a single proton, if the strange phase, concamsp quark, we have a phase lambda or sigma
The proton decays into a neutron.

If the phase relation at the same time a strangguapks and a down quark,

we have a phase Xi, and proton decays into a proton

If the phase strange regards all three qu a rikhave a phase omeganad proton decays into a
neutron.

If we, for example, a cold fusion reaction between

Fe56 + proton-phase lambda /sima ----1 Fe57

Fe56 + xi-phase proton - > Co57
Fe 56 + omega phase proton ~ ------ > Feb7

We find empirical equations for the probabilityrafclear processes with strange changes in the
nuclei.

Are not addressed in this article to simplify, weehin a general explanation with statistical euros
For a very accurate calculation of these phenomatiaguantum mathematics Standard, we should
have for a single electron, 19 free parameters, plparameters for the ‘oscillation in vacuum, plus
7 parameters for the interaction with the Higgsdmss plus 100 parameters for

the self-gravitational interactions with the Hidgdds. (SUSY)

The calculation is so complex as to be intractabl@actice.

We must follow the empirical indications of labanat experiments.

The principle is based on the need of the eledoarscillate with the vacuum, and pass in three
basic states energy from electronic state in munohtau.

Of course, it will pass most of the time in theestaindamental energetic,

but for about 10 » -28 seconds, will be in theestau.

In this case, you will find within the nucleus withich it is linked,

and the core itself will go into strange.

If the time is within 10 ~ -28 seconds, we will lkawo measurable change,

and the core will remain in the ground state.



but if the electron in state Tau receives additi@mergy, for exchange superluminal photon-axions
with quark excited, may lengthen the life time bbat 10-23 seconds and produce a beta decay.
The electron in a state Tau could receive enemy fihe outside,

always-axions with photons, and concentrate andym® excitation

strange core with times of about 10 ” -10 seconds.

In this case, the excited nucleus may travel aanicand interact with another core, and merge., In
this case with times of excitation of 10 ~ -10 seis)

the core will release photons, about 10 * +12 pigton pairs to eliminate the excess energy.

The change factor strange has an exponential ser@ad / or decrease exponentially directly
proportional to variations also relatively very 'alitin the times of detection of the distance of
10-16cm ~within the nuclei

The factor is treated in equations probabilistibdeor in cm / sec, that is not strictly a spead, b
covers a distance found in a second., And takesuat©f the strange prop r IETA of Z ° to
dramatically increase the probability of interantiavhen you arrive at energies of illumination of
more than 1 Tv, where Z ° bosons self spread tiwi} find target exponentially increasing the
chances of capture and the cross section

In the case of electron capture probabilities args are enormously sensitive to small changes in
the order of fractions of 10 ~-16cm away from tikithinazione” and even slightly decreasing or
increasing the distance illuminated by 10 ~-16¢nouy increase enormously the possibility of
electron capture.

Fig.6 -. Pictorial image of the nucleus and force fields

3 - Electron capture in individual nuclei with atemumber> 3



The electron capture occurs normally in unstabeiuwith a relatively high number of protons
to neutrons and we can assume that one aflérons that orbit the nucleus normally, go id an
swap Tau was axion-photon gremlins

With the quarks of the nucleus, binding energy diiag excess, and bring up quarks in a strange
state.c on final change from up to down and normal beizag.

This possibility could also be induced "artificikabbutside of nuclei naturally stable.

In the case of stable nuclei, an electron in stae, may exchange energy in excess from the
outside of the core, and 10-1 define distances om6with the quark of protons forming the
nucleus

This. Away or "lighting space always produces \attd ° bosons

In stable nuclei, the production of strange bestudbed, does not usually produce
changes
unless have interazione with other nuclei., pakisibhat we discuss later

The production of Z bosons °, produces the phaaaegtness, and decays with the emission

W *, according to the types of decay

All of the diagrams that follow non-classical a to scale, propose the general scheme of the
reactions.,
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Fig 7-Diagram (not to scale) with electron captdeeay phase sigma

In electron capture an up quark, in interactiorhvaitbooson Z °, it becomes strange and the issuance
of a W + decays into down.

The interesting thing is that after the decay o#\il positron and neutrino, the positron annihgate
with an electron product manager illumination aragi

and we have no emission of two photons are absdrpeebt because of energy produced in a
vacuum.

4-H and phenomena in single proton in the nucletls aitomic number <4



an interesting physical phenomenon with nuclei @frtd D,, composed of a single proton, or a
proton and a neutron, takes place in special comdit'artificial.

We can imagine nuclei surrounded by vortices oftedms, millions of electrons gathered in spin
chains ..

We have, consequently, strong electromagneticdiptdduced by the vortices of electrons, which
gain energy by absorbing photons generated byretaagnetic fields in the environment ..

The chains of electrons interact strongly with ¢hextric charges of the quarks, and force them to
absorb energy, with a huge amount of photons exjgthn

The quark, in the process of absorption energyfaroed to "restrict” the wave amplitude, and the
size of the nucleus.

In addition, the electrons normally bound to thelaus, when they were in Tau,

can be exchanged at superluminal speed and prqthatens were strange in stable nuclei
a-proton in the nucleus was strange, he may haveateharge, if at xi, with a down and an up
during strange. decay times of about 10 " -10 s#£on

The core neutral strange could traverse spacdsooft @ne micron, and collide with a normal
nucleus.

In this case, approaching in neutral charge torenabproton, at a distance of about three femto

meters, induces a phase strange also approactkissl pnoton.

The proton approached, could go in strange omegaepland in this case, the repulsive force
Columbian may dismiss the nucleus strange neyprabaching.

At a distance of about two femto - meters, thengjrfmrce could equalize the electric repulsion
Columbian that forms between a proton in phasegé&aeutral slightly negative and a proton in
strange negative phase, and form-close a coremtbmponents strange.

We have a strange halo nucleus, which decaysimeadf 10-10 seconds,

with the issue of excess energy, with more thar0Million pairs of photons, 10 * +12 photons
in broad energy range a total energy of abouMe@, with production of a deuterium nucleus

The single proton exploits the total energy ofélextrons in tornado, hurricane or electronic,
reaching energies higher than medium ones, subbrasanes make coherent overall kinetic
thermal energy of an entire area, to put it in alenarea , and thus increase the overall enefrgy o
air molecules that form the vortex destructive imame.In the same way, the electrons gathered
harvest energy from the photons they absorb framthagnetic fields in the area, then transmitting
photons exchange energy to an electron Tau witl@mticleus, and then the quarks of the nucleus
concerned, which increases the internal energy.

The energy is transmitted with particles assionighenlins, in practice photons in superluminal
speed,

almost instantaneous speed, greater than about&@ ¢, which makes them "lightweight,
virtually no mass.

Disorders, such as the impossibility of a debt ragjare in the exchange of energy referent,
invalidates these photons into photons assionichabspeed with light and mass-energy "normal.
The graphic surfaces of Feynmann products, aréorsitale, simply represent the idea of the
reactions represented.
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Fig 8 - diagram of core H with electronic capture td aontemporary transformation i Q

hyperon Q—, has negative charge 1 -, and produces a repuéfizet on Colombian a proton
neutral xi in phase, but at a distance of aboweliemto.metri, is balanced with the strong force
with the two nuclei to form u n nucleus halo stramy two-component a charge denied that decays
in time around 10 *-10sec been fondamentale erwdrgydeuterium

Normal-phase electronic ..

We could then have a proton where only two quar&saing strange,

in this case the approach to the normal protosimdar to that of a neutron,

for the fields Colombians.

The approach of the nucleus strange, always gelistances of less than 10-14m,

that the core "normal, Energize was strange, ma¢hse we always have a core stat or omega and a
nucleus in a state xi,

two nuclei in was negative and neutral, and astadce of about 2-3 femtometri,

the strong force merges the two nuclei, but remairegjuilibrium with the repulsive forces
Colombian.

The core product, an excited nucleus strangeaiitssto lose energy with pairs of photons with the
same energy, but different spin, and the opposiéetibn.

We can estimate these photons in number about 20 +1

in the energy range, between the RF emissionsyarditinfrared, blue and up to someone,

in some cases, up to soft X emissions.

| hypothesize that at the end of the process adylegith the emission of the excess energy,

the strong force takes over, and the core meltptataly, with emission of a neutrino.

We have also the emission of a single photon irspaiith energy range

Between 10ev and Kev.

We can assume the initial issue of a neutrinoyésgrve the kinetic energy of the nuclei of
momentum, but with kinetic energies of the nuclasvalmost in BEC, then the kinetic energies
with very low ambient temperatures neutrinos sugggsu may have a lot of energy low,

10Kev around the maximum,

and then be very, very difficult to detect.

Moreover, the species could be "sterile, increasiegdifficulty of detection.

Only direct measurements, they can solve the pnoble

Some possible reactions



H+2(z*) -—> =0
H+3(Z*) —> Q
Q+=0 ———> 2Hns*

2Hns * stands for neutral strange particle.

This particle could merge with or more nuclei, swlated decay rapidly, in times of
about 10 ~ -10 sec ..

2HNS*-------- >D +ve+ 1,397 Mev
Or we could write the reaction equation in
H* + H* ----> D* ----> D + Summed pairs of phate (1.3 MeV) +ve
* = proton was strange
* = phase deuterium strange
. energy resulting from the mass defect of the prodtideuterium bonding makes a positive
energy balance of the merger

=FQ*———>D  +ve + Iy (1.397 Mev)

Single decay
Hns* ————> H + 2y

in this reaction the sum of photons that is retdrizethe eddies electronic pressure is not undesideration in the

balance sheds exactly what the return of the 'energy taketieraloy photons assionici,
assionici photons are taken from the outer elesteord photons are released assionici
electrons with zero energy balance, and with geéfatiency, which is not produce
energy needed for a quantum entropy.

Reactions with fusion of deuterium

D*+D* ----> Hed*----> He4 + sommatoria di fotoni (23,8 Mev) +ve

He4 * = elio4 in state strange

D * = deuterium in state strange

ve = Electron neutrino

Sum of photons = 10 +12 photons of various enerfgieabout 23 Mev

note well, nothing forbids us to think that the funs are emitted in pairs,

where the one is in practice the anti-particlehef dther.

In this way, the number of photons as particleéboalgh huge, in the analysis of the equation, is
equal to zero.

Remains the core of He4 and the neutrino, withrélselting number of particles = 2.

This makes the equation symmetric and correct.

The most notable of these equations is the enetgyr with photons, which does not occur as in
the classic case of fusion "strong with single phamission range, which is the most probable
form of relaxation of the core.

In the case of these weak interactions, mergengeak, we emission of photons waterfalls, with
very wide spectrum.

It seems that the particles "remember that weregeresl at the beginning, by many photons-axions
produced by the electrons in the vortex, and thay raturn the energy taken initially in the same
way with decay times much wider than normal tengagtions "strong”, with average time of 10-
10s of "mergers weak to achieve relaxation to tieeirgd state of the nuclei, compared to the
average of 10-23sec” strong ..



Of note, the excess energy produced by the fusomt exchanged with photons assionici, but
with normal photons, derived from the decay of phstassionic-gremlins, for ‘inability to find
debts of energy in the electrons.

The electrons in the vortices are able to intercapgsorb and then re-emit a frequency.

The excess energy produced in very broad spectralmding ..the photons emitted from the
nucleus.

The vortex could be destroyed in this way by thergies received, and then reform,

if environmental conditions permit.

From the experimental data it seems that the fi@édsonici, and the vortices of electrons, are
particularly favored in energy very limited.

The enormous dissipation of entropy produced bgdlreactions, it seems very compatible with
life processes.

The behavior of neutral strange particles is venyglex and in some cases may also merge with
nuclei at high atomic number, with many possiblempéations.

The reaction of a proton H with production of omegaoduce a neutron in the final stage.

This reaction defines the golden rule

Each quark-induced phase to a strange, decay#srapposite, from down to upp or down.

In this case, as empirical observations, the prbang strange Xi neutral, decays into a proton
again, without the production of neutrinos.

P+(22°%) ——>=
= ——>P
Important to note how, in this case, the Xi ° hasgibility of merging with a core with many

protons, and in this case produce different reagtioducts.
In the case, for example number of Fe56 | wouldired products

Fe56 + omega- ————2>> Fe57

Fe56 + Xi° ————>Co57

Interestingly, for the proton in the state of Xngutral if not done any fusion reaction, in tinoés
10-10 sec, we find the initial pro tone,

with exchange of energy balanced, and would haveaniicular effect, even a slight increase in
entropy in the environment ..

In passing billions of years, the incessant exchaigphotons normal - axions internuclear,
could be producing a quantum entrdypy in environment , and in this case we have tloaygef
the proton.

The proton No omega-ell or state if it fails to thafter 10.10 sec, neutron decays into

With the production of entropy in 'environment.

The case of the deuterium is or complex,

We in of electrons to give energy simultaneouslth®proton and neutron constituents the D,

which interact between them to transform in hypestwange= a core D "normal.

In this case, the vortices of electrons cone probdnc¢he energy required to excite the quark
interior of deuterium, which interact between theAnd form the D * strange.

The approach of a D * strange neutral with kinedite very low, strange, therefore without
repulsion Colombian, to a normal D, au distancelbafut 3 Fento. Meters, 10 ~-15m, produces a
state of excitation induced strange even D in ndrma

At this point, between 2 strange neutral, withighgly negative electrical charge, rises the
Coulomb barrier, that before the transformation stesnge in the normal D, however, was
attractiveness.



But the proximity of two femto-meter, allows theastg force to intervene and paste the two into a
single particle strange halo.

The strong force intervenes with normal speed,dosks the two nuclei in one,

with the prompt issuance of a neutrino to consémeekinetic energy,

(The two nuclei are in a state or quasi-BEC

but this is very limited, so we are in a rangeesfsl than 10Kev, and then

the bones of these results could neutrinos orng wias brought to the normal measuring
instruments.

The neutrinos may also be sterile in nature, nonag moment,

and then be even more difficult to detect.

The strong force acts to produce a defined nucleitls,the normal speed, produces in this case a
strange excited nucleus, which is recomposed imabnucleus of deuterium in 10 ~ -10 seconds.,
while in the case of normal fusion, the deuteriwmleus excited product, is forced

to decay in a time of 10-23 seconds with the emssf a single gamma photon.

It is not possible to observe a nucleus excitedifoes of 10 * -23 seconds,

but for our ability to measure, even an excitedews for 10 ~ -10 is virtually impossible to detect
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Fig 9 - diagram exciting car chain with formatiohPo+ N ---- >=
N+ (2Z°*) ——>=

P+ (22°%) ——>=

=+ = —>D0



the negative strange particle decays, in time€af-10sec, in

D el{4 WF) ——>D2
in particular

4 W F they cancel the debt repayment of the vacuura time of 1 » 0-10sec and get back D2
decade

(Z° == +4WF )————> D2
. With
=0 __>P

= —->N

The strange particle negative has high chancesading with normal D,
that as in the case of hydrogen, passes in phasgst

2Ds*- + D* ————> 4He s*n

—In practice, glue so weak particles with [X2o form 4He, and with the proton and neutron decay
respectively in the part strange we get, the foionadf a nucleus of 4He normal, the emission of
the excess energy the mass defect, about 23Mdv awitige waterfall at widest spectrum of
photons of energy.

final result of the reaction-decay

4He*sn ————> 4He +2y(23 mev) e

formation of the particles resulted 4He * msplies a huge possibility of various transmutations
Another possible process, the less likely
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Fig.10 -.beta-decay diagram

in this case, the interactions between the twoeund quark constituents of deuterium, produce a
nucleon from the proton and the neutraifa nucleon=—

The two nucleons, if you do not interact and fust wther nuclei, decay in 10-10 sec /-

A\ and+, and in times of about 10-23 sec and proto neutamay into it with the emission of pion
+ -. and cancel each other in a vacuum.

Interestingly, the phase strange produc@s Z—, which can melt, within the decay times of 10-
10sec, with two deuterium nuclei strange negativéorm a core of strange 8 nucleons are neutral,
which may merge with other 2 D, to produce a cdr€I®.final, and power output.

In mixtures of deuterium and tritium, D and T, wavh interesting reactions
If the particle is excited in strange D *, we hdke reaction

D* + T* ——=—2>5He
5HE de falls into 4He + N

In g u esto case the reaction produces free nesitron
If we have T * strange, we have reaction

T*+D* ——=—> 5|j



5Li ——=—> 4He +P
Or

T+T* ——=—2> 6Li stabile
We might have in mixtures of 50% of hydrogen andteleum,
also type reactions

H*+ D* ——=—> He3
Or
D+H* ——=—> T

In this case we could detect tritium, and wouldahanteresting test for cold fusion.
We could have, in mixtures of 50% of D and T,
also the reactions

D*T* ———2> He5 ~ "> He4 +N
Or

TH+D* ——"> L5 —7 > He4 +P
Conclusions

Many unexplained observations of nuclear phenomeeapected, may have a sp iegazione
empirical putting together the information thatte last twenty years have accumulated in the
fields of the physical at high energies, in thédeof chemistry and nuclear physics,

in cosmological observations and also in unexpegtedesses in organisms, living,

as the photo effect - synthetic.

If we assume the existence of fields assionicih\particles gremlins extremely similar to photons,
which can

To interact with each other at super speeds - lahmuaclei and electrons at distances that can reach
the rag micron, we will re possible responses éogiestions that put the phenomena of cold
fusion.

We can then have mergers in cold nuclei with reddyilow energy environment.

Even the phenomena of decay and alpha decaydriigsiluced by conditions

Details of the environment.

For some reason the ambient temperature around 86€IKs to be the most favorable for these
phenomena, which appear to be of fundamental irapoet for life processes
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Table of sinboli

A = alpha decay in nuclei

B = beta decay in nuclei

Y = photon

A = delta phase in the nucleus
2 = sigma hyperon

/\ = lambda hyperon

= = Xi hyperon

Q = omega hyperon
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the key to the understanding of the strong

nuclear forces," Advanced Information on the Nobel
Prize in Physicdttp://nobelprize.org/nobel_
prizes/physics/laureates/2004/phyadv04.pdf. (E{

1)

Some encyclopedia articles on QCD are

4. \Quantum chromodynamics," A. S. Kronfeld in
Macmillan Encyclopedia of Physics, vol. 3, edited

by J. S. Rigden, pp. 1260{1264 (Macmillan, New Y,ork
1996). [d0i:10.1223/0028973593]. (E{I)

5. \Quantum chromodynamics," G. Stermarkimcy-
clopedia of Mathematical Physics, edited by J.-P.
Fran_coise, G. L. Naber, and Tsou Sheung Tsurl 4.
153 (Elsevier, Amsterdam, 2006hep-ph/0512344]. (I{
A)

6. \Quantum chromodynamics," C. QuigghttGraw-
Hill Encyclopedia of Science & Technology, vol. 14,
pp. 670{676 (McGraw-Hill, New York, 2007), 10th ed.
[doi: 10.1036/1097-8542.562500]. (E{I)

For a book-length exposition of the wonders of QE&g
7. The Lightness of Being: Mass, Ether, and the
Uni_cation of Forces, F. Wilczek (Basic Books, New
York, 2008). (E)

The rest of this Resource Letter is organized bevis.
We begin in Sec. Il by reviewing the basics of

the theory of QCD, giving its Lagrangian, some ataé
aspects of its dynamics, and providing a connedtion
earlier ideas. In Sec. Il we cover literature bedretical
tools for deriving physical consquences of the QCD
Lagrangian. Section IV covers the most salient etspe
of the confrontation of QCD with experimental ohsdions
and measurements. Section V situates QCD within
the broader framework of the standard model ofiglart
physics. We conclude in Sec. VI with a brief essay
on frontier problems in QCD. Appendix A gives lintis
basic online resources.

Il. QCD

As a theory of the strong interactions, QCD deswib
the properties of hadrons. In QCD, the familiar
mesons (the pion, kaon, etc.) are bound statgaarks
andantiquarks; the familiar baryons (the proton, neutron,
_(1232) resonance, etc.) are bound states of three
quarks. Just as the photon binds electric charges i
atoms, the binding agent is the quantum of a gaetg
called the gluon. Hadrons made of exclusively obgk,
with no need for valence quarks, may also existaed
called glueballs. Properties of hadrons are tabdlat

8. \Review of particle physics," C. Amslet al., Particle
Data GroupPhys. Lett. B667, 1{1340 (2008) [doi:
10.1016/j.physletb.2008.07.018] [http://pdg.lbl.

gov]. (E{{A)

10. \Ultraviolet behavior of non-Abelian gauge theofles
D. J. Gross and F. WilczeRhys. Rev. Lett. 30, 1343{
1346 (1973) [d0i10.1103/PhysRevLett.30.1343]. (A)
11. \Reliable perturbative results for strong interaws,"

H. D. PolitzerPhys. Rev. Lett. 30, 1346{1349

(1973) [doi:10.1103/PhysRevLett.30.1346]. (A)
Asymptotic freedom points to the existence of a diom

in which the strong interactions become su_ciently
weak that scattering processes can be treatedleiia
perturbation theory using techniques based onuakiation



of Feynman diagrams. The path to asymptotic

freedom is described in the Nobel Lectures,

12.\The discovery of asymptotic freedom and the emerge
of QCD," D. J. GrossRev. Mod. Phys. 77, 837{849
(2005) [d0i:10.1073/pnas.0503831102]. (1)

13. \The dilemma of attribution," H. D. Politzer,

Rev. Mod. Phys. 77, 851{856 (2005) [doi:
10.1073/pnas.0501644102]. (1)

14. \Asymptotic freedom: from paradox to paradigm,"

F. Wilczek,Rev. Mod. Phys. 77, 857{870 (2005)
[hep-ph/0502113]. (1)

For another view of the historical setting, see

15. \When was asymptotic freedom discovered? Or

the rehabilitation of quantum _eld theory," G.

't Hooft, Nucl. Phys. Proc. Suppl. 74, 413{425 (1999)
[hep-th/9808154]. (A)

\Mass without mass I: most of matter," F.

Wilczek, Phys. Today 52, 11{13 (November, 1999) [doi:
10.1063/1.882879]. (E)

19. \Mass without mass II: the medium is the mass-age,"
F. Wilczek,Phys. Today 53, 13{14 (January, 2000) [doi:
10.1063/1.882927]. (E)

20. \The origin of mass," F. Wilczek,

Mod. Phys. Lett. A21, 701{712 (2006) [doi:
10.1142/S0217732306020135]. (1)

21. \Spontaneous symmetry breaking as a basis of |gartic
mass," C. QuiggRrept. Prog. Phys. 70, 1019{1054

(2007) prXiv:0704.2232 [hep-ph]]. (I{A)

The development dattice gauge theory has made possible
a quantitative understanding of how these phenomena
emerge at the low-energy scale associated with con-
_hnement.

22.\Con_nement of quarks," K. G. Wilson,

Phys. Rev. D10, 2445{2459 (1974) [doi:
10.1103/PhysRevD.10.2445]. (A)

The essential ideas are described in

23.\The lattice theory of quark con_nement," C. Rebbi,
Sci. Am. 248, 54{65 (February, 1983). (E)

24.\Quarks by computer," D. H. WeingarteSgi. Am.

274, 116{120 (February, 1996). (E)

and how it all began is recalled in

25. \The origins of lattice gauge theory," K. G.

Wilson, Nucl. Phys. Proc. Suppl. 140, 3{19 (2005)
[hep-lat/0412043]. (1)

Visualizations of the QCD vacuum, the structuréhef
proton, and other insights from lattice QCD arespreed
and explained at

26. \Visualizations of QCD," D. B. Leinweber,
http://www.physics.adelaide.edu.au/~dleinweb/
VisualQCD/Nobel/. (E{I{A)

An example is shown in Fig. 1, depicting the praces

p $ K+ on a background of the gluonic ground state.
Lattice gauge theory is yielding a growing rang@omperturbative
computations of hadron properties that are

needed to interpret experiments and observatiopariicle
physics, nuclear physics, and astrophysics:
27.\Quantum chromodynamics with advanced computing,"
A. S. Kronfeld, USQCD Collaboratiod,

Phys. Conf. Ser. 125, 012067 (2008)drXiv:0807.2220
[physics.comp-ph]]. (E{I)



[http://cdsweb.cern.ch/search.py?recid=570209].
(E{l)

Zweig used the term \aces" for quarks. An earlyengv
of the quark model is in

51.\Quarks," M. Gell-MannActa Phys. Austriaca
Suppl. 9, 733{761 (1972). (I{A)

and helpful compilations of references on the quraokiel
appear in

. \Resource letter Q-1: quarks,"” O. W. GreenbArg,

J. Phys. 50, 1074{1089 (1982) [d0i10.1119/1.12922].
(E{{A)

. \Hadron spectra and quarks," S. Gasiorowicz and

J. L. RosnerAm. J. Phys. 49, 954{984 (1981) [doi:
10.1119/1.12597]. ({A)

A challenge to these ideas came from the nonobisenva
of free, fractionally-charged particles. The

current limits are collected in Ref. 8, and ded@ips of
the techniques may be found in

54.\Quark search experiments at accelerators and in
cosmic rays," L. LyonsPhys. Rept. 129, 225{284 (1985)
[doi: 10.1016/0370-1573(85)90011-0]. (1)

55. \Searches for fractional electric charge

in terrestrial materials," P. F. Smithnn.

Rev. Nucl. Part. Sci. 39, 73{111 (1989) [doi:
10.1146/annurev.ns.39.120189.000445]. (1)

56. \Searches for fractionally charged patrticles,"

M. L. Perl, E. R. Lee, and D. Loombann.

Rev. Nucl. Part. Sci. 59, 47{65 (2009) [doi:
10.1146/annurev-nucl-121908-122035]. (1)

With con_nement in QCD, however, the search fdatable
fractional charges is a somewhat more subtle stjbjec
perhaps explaining why searches for fractionallygbd
particles have been to no avail.

3. Quarks with color

A second challenge to the quark model lay in thieasul-

statistics puzzle for the baryons. If the bargon1
2

octet and] =3

2 decuplet are taken to be composites of

three quarks, all in relativewaves, then the wave functions
of the decuplet states appear to be symmetric in
spacespin_isospin, in conict with the Pauli exclusion
principle. As explicit examples, consider theformed

of three (presumably) identical strange quasks, or

the ++, an isospins

2 state made of three up quarks,

uuu. To reconcile the successes of the quark modéal wit
the requirement that fermion wave functions besgmimetric,
it is necessary to hypothesize that each quark avor
comes in three distinguishable species, which wella

by the primary colors red, green, and blue. Banyawme
functions may then be antisymmetrized in color. &or
review of the role of color in models of hadroree s
57.\Color models of hadrons," O. W. Greenberg and
C. A. NelsonPhys. Rept. 32, 69{121 (1977) [doi:
10.1016/0370-1573(77)90035-7]. (I{A)

Further observational evidence in favor of the dolaet
guark model is marshaled in

58. \Light-cone current algebrap decay, ane+e
annihilation," W. A. Bardeen, H. Fritzsch, and M.
Gell-Mann inScale and Conformal Symmetry in

Hadron Physics, edited by R. Gatto (Wiley, New York,



1973), pp. 139{151 Hep-ph/0211388]. (A)

For a critical look at circumstances under whiah tinmber
of colors can be determined in! decay, see

59. \Can one see the number of colors?," OaB

and U. J. WieseNlucl. Phys. B609, 225{246 (2001)
[hep-ph/0105258]. (A)

Then the appropriate e_ective _eld theory is pa@tent
NRQCD (PNRQCD):

185. \Potential NRQCD: an e_ective theory for

heavy quarkonium,” N. Brambilla, A. Pineda, J. Soto
and A. Vairo,Nucl. Phys. B566, 275{310 (2000)
[hep-ph/9907240]. (A)

PNRQCD provides a _eld-theoretic basis for undaditay
the success of the potential models of Sec. |IFd3.

a review, consult

\E_ective _eld theories for heavy quarkonium," N.
Brambilla, A. Pineda, J. Soto, and A. VaiRev. Mod.
Phys. 77, 1423{1496 (2005)Hep-ph/0410047]. (I{A)
NRQCD and PNRQCD have also been used to understand
top-quark pair production at threshold. Top

guarks decay before toponium forms:

187. \Production and decay properties of ultraheavy
quarks," I. 1. Y. Bigi, Y. L. Dokshitzer, V. A. Kiae,

J. H. KJuhn, and P. M. Zerwa®hys. Lett. B181, 157{163
(1986) [d0i:10.1016/0370-2693(86)91275-X]. (I{A)

188. \Threshold behavior of heavy top production in
e+eo collisions,” V. S. Fadin and V. A. Khoz8ETP

Lett. 46, 525{529 (1987). (I{A)

189. \Production of a pair of heavy quarksarec annihilation
in the threshold region," V. S. Fadin and V. A.
Khoze,Sov. J. Nucl. Phys. 48, 309{313 (1988). (I{A)

but top and antitop still orbit each other durihgit

eeting existence. A useful review is

190. \Top-antitop pair production close to threshold:
synopsis of recent NNLO results," A. H. Hoaeteal.,

Eur. Phys. J. direct C2, 1{22 (2000) hep-ph/0001286].
3. Soft collinear e_ective theory

In high-energy amplitudes, one often considerg afje
particles, the details of which are not detectdte $emiinclusive
nature of jets circumvents issues of infrared

and collinear divergences, much like the Bloch-Nardk
mechanism in QED:

191. \Note on the radiation _eld of the electron," F.
Bloch and A. Nordsieckhys. Rev. 52, 54{59 (1937)
[doi: 10.1103/PhysRev.52.54]. ({A)

192. \Mass singularities of Feynman amplitudes,” T.
Kinoshita,J. Math. Phys. 3, 650{677 (1962) [doi:
10.1063/1.1724268]. ({A)

193. \Degenerate systems and mass singularities,” T. D.
Lee and M. Nauenber@&hys. Rev. 133, B1549{B1562
(1964) [doi:10.1103/PhysRev.133.B1549]. ({A)

The infrared and collinear degrees of freedom eaistlated
in the soft collinear e_ective theory (SCET), _rst
established for decays Bfmesons:

194. \Summing Sudakov logarithms B! Xs in effective
_eld theory," C. W. Bauer, S. Fleming, and M. E.

Luke, Phys. Rev. D63, 014006 (2000)Hep-ph/0005275].
(A)

195.\An e_ective _eld theory for collinear and softagis:
heavy to light decays," C. W. Bauer, S. Fleming, D.
Pirjol, and I. W. StewarfRhys. Rev. D63, 114020 (2001)



[hep-ph/0011336]. (A)

196. \Soft-collinear factorization in e_ective _eld thgt

C. W. Bauer, D. Pirjol, and I. W. Stewalrhys.

Rev. D65, 054022 (2002)Hep-ph/0109045]. (A)
197.\Soft-collinear e_ective theory and heavy-to-light
currents beyond leading power," M. Beneke, A. P.
Chapovsky, M. Diehl, and T. Feldmariwicl. Phys.

B643, 431{476 (2002) liep-ph/0206152]. (A)

Meanwhile, SCET has been applied to many high-gnerg
scattering processes, starting with

198. \Hard scattering factorization from e_ective _eld
theory," C. W. Bauer, S. Fleming, D. Pirjol, |. Rothstein,
and I. W. StewartPhys. Rev. D66, 014017 (2002)
[hep-ph/0202088]. (A)

and more recently to many aspects of jets:

199. \On the structure of infrared singularities of getlngory
amplitudes,” T. Becher and M. Neubett{EP

06, 081 (2009) rXiv:0903.1126 [hep-ph]]. (A)

200. \Soft radiation in heavy-particle pair production:
all-order colour structure and two-loop anomaloimsethsion,”
M. Beneke, P. Falgari, and C. Schwinn,

Nucl. Phys. B828, 69{101 (2010) &rXiv:0907.1443
[hep-ph]]. (A)

201. \Factorization structure of gauge theory amplitudes
and application to hard scattering processes dth&"
J.-y. Chiu, A. Fuhrer, R. Kelley, and A. V. Manohar
Phys. Rev. D80, 094013 (2009)drXiv:0909.0012
[hep-ph]]. (A)

202. \Factorization at the LHC: from PDFs to initial

state jets," I. W. Stewart, F. J. Tackmann, and

W. J. WaalewijnPhys. Rev. D81, 094035 (2010)
[arXiv:0910.0467 [hep-ph]]. (A)

203. \Factorization and resummation of Higgs boson dff¢ial
distributions in soft-collinear e_ective theory,"

S. Mantry and F. Petriell®hys. Rev. D81, 093007
(2010) f|rXiv:0911.4135 [hep-ph]]. (A)

204. \Consistent factorization of jet observables inlgsive
multijet cross-sections," S. D. Ellis, A. Hornig, C

Lee, C. K. Vermilion, and J. R. WalsRhys. Lett. B689,
82{89 (2010) frXiv:0912.0262 [hep-ph]]. (
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