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HESS Collaboration has

oublished important paper in Nature

Detected gamma rays coming from Milky Way’s black hole
indicating that PeV cosmi€irays come from same source

Widom-Larsen-Srivastava theoryjprovides many- body collective
mechanism that can acceleratejprotons to PeV and higher
energies in immediate vicinl f.such blackiholes:
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Science story about Nature paper by HESS Collaboration

“Milky Way’s black hole may be spewing out cosmic rays”
Sclence.,. By Daniel Clery March 16, 2016 3:15 PM in Science | Sclence.,...

“ ... new study has fingered a second source: the supermassive black hole at the
heart of the Milky Way. With this new result, the search for cosmic ray origins, which
has frustrated scientists for more than 100 years, has taken an unexpected new twist.

‘It’s very exciting,’” says astrophysicist Andrew Taylor of the Dublin Institute for
Advanced Studies. ‘This has probably shaken the field quite a lot. People will need to
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reassess their models’.

“Cosmic rays pose a mystery for astronomers because they don’t follow a straight
path through space. They get tugged and pushed by magnetic fields, so it is almost
impossible to figure out where particular particles have come from. So instead,
researchers have looked at gamma rays, high-energy photons that are thought to be
produced at or near the source of the cosmic rays. Find out where the gamma rays
come from, and you’ve probably found the source of cosmic rays.”

“Although many of the cosmic rays from within our galaxy appear to be blasted out
from supernova explosions at blistering speeds, such explosions can’t explain the
highest energy cosmic rays: those with energies measured in peta-electronvolts (PeV,
or 10'5 eV). (Here on Earth, 1 PeV is the total energy that the Large Hadron

Collider can achieve when slamming together lead ions.)”
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Science story about Nature paper by HESS Collaboration

“Milky Way’s black hole may be spewing out cosmic rays”

Science By Daniel Clery March 16, 2016 3:15 PM in Science Science

“In the new study, Hofmann and colleagues used the High Energy Stereoscopic
System (HESS), an array of five telescopes in Namibia, which can detect such
radiation. HESS has been studying the galactic center for about a decade, Hofmann
says, simply because it is an interesting source of gamma rays. In recent years, his
team has carried out more detailed observations. And, as it reports online today

in Mature, the distribution of gamma rays coming from around the galactic center is
exactly what you would expect if some process, close to the black hole, is firing out
protons with PeV energies.”

“Many of those protons may much later arrive at Earth as PeV cosmic rays, but
some are colliding with gas molecules close to their source and producing gamma
rays. It is these gamma rays HESS is able to pick up, revealing the origin of these
superfast protons. ‘It really demonstrates that there is a central source [of
protons],” Hofmann says.”

““This is a great result. It’s very fascinating,’ says astrophysicist Pasquale Blasi of
the Arcetri Astrophysical Observatory in Florence, ltaly. ‘For the very first time we
have almost direct evidence of the acceleration of protons to these energies’.”
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Abstract of important Nature paper by HESS Collaboration

“Acceleration of petaelectronvolt protons in the Galactic Centre”

natu_re HESS Collaboration in NMature - published online March 16, 2016 nature

“Galactic cosmic rays reach energies of at least a few petaelectronvolts (of the order
of 10'%electronvolts). This implies that our Galaxy contains petaelectronvolt
accelerators (‘PeVatrons’), but all proposed models of Galactic cosmic-ray
accelerators encounter difficulties at exactly these energies. Dozens of Galactic
accelerators capable of accelerating particles to energies of tens of teraelectronvolts

(of the order of 1073 electronvolts) were inferred from recent y-ray observations.
However, none of the currently known accelerators - not even the handful of shell-type
supernova remnants commonly believed to supply most Galactic cosmic rays - has
shown the characteristic tracers of petaelectronvolt particles, namely, power-law

spectra of y-rays extending without a cut-off or a spectral break to tens of

teraelectronvolts. Here we report deep y-ray observations with arcminute angular
resolution of the region surrounding the Galactic Centre, which show the expected
tracer of the presence of petaelectronvolt protons within the central 10 parsecs of
the Galaxy. We propose that the supermassive black hole Sagittarius A* is linked to
this PeVatron. Sagittarius A* went through active phases in the past, as demonstrated
by X-ray outbursts and an outflow from the Galactic Centre. Although its current rate
of particle acceleration is not sufficient to provide a substantial contribution to
Galactic cosmic rays, Sagittarius A* could have plausibly been more active over the
last 10° - 107 years, and therefore should be considered as a viable alternative to
supernova remnants as a source of petaelectronvolt Galactic cosmic rays.”
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Graphic in important Nature paper by HESS Collaboration
Figure 1: VHE y-ray image of the Galactic Centre region

“The colour scale indicates counts per 0.02° x 0.02° pixel. a, The black lines
outline the regions used to calculate the cosmic-ray energy density throughout
the central molecular zone. A section of 66° is excluded from the annuli.”
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A primer for electroweak induced low-energy
nuclear reactions
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Abstract. Under special circumstances, electromagnetic and weak interactions can in-
duce low-energy nuclear reactions to occur with observable rates for a variety of processes.
A common element in all these applications is that the electromagnetic energy stored in
many relatively slow-moving electrons can — under appropriate circumstances — be collec-
tively transferred into fewer, much faster electrons with energies sufficient for the latter
to combine with protons (or deuterons, if present) to produce neutrons via weak inter-
actions. The produced neutrons can then initiate low-energy nuclear reactions through
further nuclear transmutations. The aim of this paper is to extend and enlarge upon
various examples analysed previously, present order of magnitude estimates for each and
to illuminate a common unifying theme amongst all of them.

Keywords. Nuclear transmutations; low-energy nuclear reaction; electroweak.
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Exploding magnetic flux tubes accelerate charged particles
Eqg. 20 calculates the mean acceleration energy for a flux tube explosion

On the other hand, for a spectacular solar flare which lasts for a time At, the
loss of magnetic Hux tube would vield a mean Faraday law acceleration voltage V
around the walls given by
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cAt

Inserting A® = BAS as before, where B denotes the mean magnetic field betore

the explosion and AS is the inner cross-sectional area of the flux tube, we have for

the mean acceleration energy
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where A = cAt. (19)

For a cylindrical geometry. we can again rewrite 1t in a usetul form
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For a coronal mass ejecting coil exploding in a time At = 10° s, we may estimate

R = 10* km
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eV == 300 GeV. (21)

Physically, it corresponds to a colliding beam of electrons and protons with a centre
of mass energy of 300 GeV. More on these matters can be seen 1n §5.
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W-L-S theory spans vast range of length-scales and energies
E-fields in condensed matter vs. B-field particle acceleration in plasmas

Current-driven P&F-type chemical cells - liquid phase; glow discharge cells - gas phase
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Laser-triggered chemical cells - e.g., Letts, Cravens, Violante, etc. - liquid or gas phase

RF-triggered dusty plasmas - gas phase

Longer-range Current-driven dusty plasmas - gas phase
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* Magnetars/active galactic nuclei: W-L mechanism can in theory create UHE TeV cosmic rays
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Many-body collective effects span vast range of length-scales

W-L-S theory and its collective effects extend from LENRs in condensed matter regimes to
environments found in high-current exploding wires, e.g., large wire inductors, as well as up
to large-length-scale, magnetically dominated regimes that occur in astrophysical systems

Length
Scale

Type
of System

Electromagnetic
Regime

Many-body Collective
Phenomena

Comment

Submicron

Certain earthly
bacteria and
some fungi

Very high, short-range
electric fields

Transmutations, high
level of gamma shielding

Obtain unavailable trace
elements; survive deadly

gamma or X-ray radiation

Microns

Hydrogen
isotopes on
metallic surfaces

Very high, short-range
electric fields on solid
substrates

Transmutations, high level
of gamma shielding, heat,
some energetic particles

This regime is useful for
small-scale commercial
power generation

Microns to
many
meters

Exploding wires,
planetary
lightning

Dusty plasmas: mixed
high-current and high
local magnetic fields

Transmutations, ‘leakier’
gamma shielding, heat; X-
rays up to 10 keV, larger
energetic particle fluxes

This regime is useful for
large-scale commercial
power generation

Many
meters to
kilometers

Up to
several AU
(distance

from earth
to Sun)

Outer layers and
atmospheres of
stars (flux tubes)

Neutron stars
and active
galactic nuclei in
vicinity of
compact,
massive objects
(black holes)

Ideal and dusty
plasmas: high mega-
currents of electrons,

protons, and ions
inside large-scale,
ordered magnetic
structures with
substantial internal
fields

Energetic charged
particles and neutrons
(MeVs to EeVs), X-rays,
gamma-ray bursts, and

ultra-high-energy cosmic
rays (TeVs to EeVs)

Provides explanation for
heating of solar corona
and radioactive isotopes
in stellar atmospheres

Provides mechanism for
creating extremely high
energy particles in
plasma-filled magnetic
flux tubes with sufficient
field strengths

Note: mass renormalization of electrons by high local E-fields not a key factor in magnetically dominated regimes on large length scales
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Many data suggest strong magnetic fields near black holes
New measurements suggest ordered magnetic fields near event horizons

“Resolved magnetic-field structure and variability near the
event horizon of Sagittarius A*”

M. Johnson et al.,, Science 350 pp. 1242 - 1245 (Dec. 4, 2015)

Black hole classifications

Class Mass Size

Supermassive black hole ~10°-10"? Mg, | ~0.001-400 AU

ntermediate-mass black hole ~10° Mgyn ~10° km = Rganh

Stellar black hole ~10 Msyn ~30 km

Micro black hole up to ~Muoon | UP to ~0.1 mm

Source: Wikipedia / —— _E_;_.-_ :
5
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Sredit; CFA /M. Weiss
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Many data suggest strong magnetic fields near black holes
W-L-S: 100s of Gauss in very large flux tube provides huge acceleration

“Simple B « r~1 scaling would ... provide several hundred Gauss magnetic fields”

Magnetic field from rotating disk surrounding
supermassive black hole at center of the Milky Way

“A s trong magnetic field around the sup masswe black hole
at the centre of the Galaxy”
R Eatough et al., Nature 501 pp. 391 - 394 (2013)
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See online Lattice PowerPoint for detailed explanation
Shows how our mechanism can accelerate protons to PeV* energies

http://www.slideshare.net/lewisglarsen/lattice-energy-llc-many-body-collective-magnetic-mechanism-
creates-ultrahigh-energy-cosmic-rays-jan-1-2016

Lattice Energy LLC

Mechanism for ultrahlgh energy cosmic rays

Widom-Larsen-Srivastava fi JJJ;JI shed physics in 2008
Many-body collective effectsiinimagneticifluxitubes accelerate particles

Herein we calculate one-shot, mean) JJMJJ JJPJJL.L}J" celeratlon energies for

protons in. collapsm g protoneutronistarsi(5:5x JLJJ} two cases for black

hole accretion disks (2:2x 10 4eViandl0lOxi0%eV), and for the jet base of a
supermassive ;-_.i-i'?__l?j_'."_ _'r olel(2:2 x. J}JM

S WISIEALISE]

PresidentiandiCEQ

January 1552016
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Cat’s Eye nebula - NASA (Hubble) ‘Image in ultraviolet - TRACE/NASA

Contact: 1-312-861-0115 ois USA  lewisglarsen@gmail.com

March 17, 2016 Lattice Energy LLC, Copyright 2016 All rights reserved 12



Magnetic flux tubes may form on black hole accretion disks

Magnetic fields of ~7.0 x 102 Gauss develop on upper edge of such disks
Case #1: mechanism accelerates protons to center-of-mass energies =2 x 1017 eV

Accelerated particles B RS Y Eq. (20)in

center-of-mass energy eV =~ (30 GeV) ( e . sl ® Pramana paper (2010)
for exploding flux tube

Assumptions: magnetic flux tube forms on supermassive black hole accretion disk
and initially contains protons, electrons, some neutrons, and traces of other

elemental ions if any infalling matter is present; hypothetical flux tube parameters
comparable to those of a similar structure on the Sun, namely that its radius = 104

km and time At = 102 seconds but much higher magnetic field inside B=7.0 x 108
Gauss (7.0 x 10° kilogauss) per de Gouveia Dal Pino & Lazarian in A&A (2005)

Calculation based on Eq. 20 presuming that flux tube destabilizes and explodes:

A=cAt=(2.998 x 105) x (1 x 102sec) =2.998 x 10" km = 3.0 x 107 km
B=7.0x10°kG

72 = 3.1416 x (1 x 1042 =3.1416 x (1 x 108) = 3.1 x 108 km?
eV~ [(30.0)x(7.0x105)]x(3.1x108/3.0x107)=~[2.1 x107] x (1.03 x 10")

E:> eV= 216x108GeV ~2.16x 10" eV =~ 2.2 x 1017ev<:|
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Magnetic flux tubes may form on black hole accretion disks

Magnetic fields of ~7.0 x 101 Gauss develop on upper edge of such disks
Case #2: mechanism accelerates protons to center-of-mass energies =~ .9 x 107° eV

Accelerated particles

f B Y Eq. (20) in
center-of-mass energy RAMEEEEINERY ( — sl R Pramana paper (2010)
for exploding flux tube K&/ \A—Kmy

Assumptions: magnetic flux tube forms on supermassive black hole accretion disk
and initially contains protons, electrons, some neutrons, and traces of other

elemental ions if infalling matter present; in this case flux tube parameters as follows:
radius r = 6.4 x 103 km (same as radius of the earth) and time At = 102 seconds and its

internal magnetic field averages even higher B=7.0 x 10'° G while flux tube exists

Calculation based on Eq. 20 presuming that flux tube destabilizes and explodes:

A=cAt=(2.998 x 105) x (1 x 102 sec) =2.998 x 107 km = 3.0 x 107 km
B=7.0x107 kG

7tr2 = 3.1416 x (6.4 x 103)2=3.1416 x (41.0 x 106) = 128.8 x 10°~1.288 x108 km?
eV= [(30.0)x(7.0x107)]x (1.288 x 108/3.0 x 107) =[ 2.1 x 102] x (0.43 x 107)

I::> eV= 0.90x10 GeV=0.9x 10" eV <:I
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“Magnetic tower” flux tubes may form near black hole jets
Large tube: radius = 10° km, magnetic field = 7 x 102 Gauss, time =10% s
Widom-Larsen mechanism accelerates protons to mean energies of ~2.0 x 10?1 eV

Accelerated particles

center-of-mass energy
for exploding flux tube

Eqg. (20) in
my R Pramana paper (2010)

Assumptions: magnetic flux tube develops near base of relativistic jet as it is forming
on a supermassive black hole; tube initially contains mixture of protons, electrons,
some neutrons, and traces of other elemental ions if any infalling matter is present;
in this case, the flux tube’s parameters are as follows: r =1 x 10 km and time At = 102

seconds while internal magnetic field B = 7.0 x 108 Gauss (7.0 x 10° kilogauss); these
parameters represent transient values before tube violently destroyed by explosion

Calculation based on Eq. 20 presuming that this flux tube destabilizes and explodes:

A=cAt=(2.998 x 105) x (1 x 102sec) =2.998 x 10" km = 3.0 x 107 km
B=7.0x10°kG

7r2= 3.1416 x (1.0 x 106)2=3.1416 x (1 x 1072) = 3.14 x 102 km?
eV = [(30.0)x(7.0x105)]x(3.14x10'2/3.0 x 107) ~[ 21.0 x 106] x (1.05 x 105)

I:> eV ~22.05x 10" GeV ~2.205 x 1012 GeV ~ 2.21 x 102 eV =~ 2.2 x 1021 eV <:|
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Theory of many-body collective electroweak processes
Three key documents beginning in March 2006 are referenced below

Many-body collective effects enable electroweak catalysis in condensed matter

“Ultra low momentum neutron catalyzed nuclear reactions on metallic
hydride surfaces”

A. Widom and L. Larsen

European Physical Journal C - Particles and Fields 46 pp. 107 - 112 (2006)

“A primer for electro-weak induced low energy nuclear reactions”
Y. Srivastava, A. Widom, and L. Larsen
Pramana - Journal of Physics 75 pp. 617 - 637 (2010)

“Index to key concepts and documents”
v. #20 updated and revised through Jan. 8, 2015
L. Larsen, Lattice Energy LLC, May 28, 2013
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