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1o EXAMPLE: NEUTRONS IN LIGHTENINGS
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Observation of Neutron Bursts Produced by Laboratory High-Voltage Atmospheric Discharge

A.V. Agafonov,' A.V. Bagulya,' O.D. Dalkarov,"* M. A. Negodaev,' A.V. Oginov,"* A.S. Rusetskiy,’
V. A. Ryabov,' and K. V. Shpakov'
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Centre for Fundamental Research (MIEM NRU HSE), Myasnizkaya, 20, Moscow 101000, Russia
(Received 10 April 2013; published 12 September 2013)

For the first time the emission of neutron bursts in the process of high-voltage discharge in air was
observed. Experiments were carried out at an average electric field strength of ~1 MV -m™' and
discharge current of ~10 kA. Two independent methods (CR-39 track detectors and plastic scintillation
detectors) r eslstered neutrons within the range from thermal energies up to energies above 10 MeV and
with an average flux density of =10° cm~? per shot inside the ¢ discharge zone. Neutron generation occurs
at the initial phase of the discharge and correlates with x-ray generation. The data obtained allow us to
assume that during the discharge fast neutrons are mainly produced.

DOI: 10.1103/PhysRevLett.111.115003 PACS numbers: 52.80.Mg, 24.10.—1, 28.20.—v, 29.40.Gx




10 MeVIENEUTRONS IN LIGHTENINGS

FIG. 4. Typical photomicrographs of the events of '>C nucleus
desintegration into three « particles (the size of the image is
130 X 100 pm?).

Conclusion.—For the first time in a laboratory experi-
ment during high-voltage atmospheric discharge neutron
emission was observed. The energies of neutrons within
the range from thermal up to fast are detected; the contri-
bution of fast neutrons in the total flux is a significant part.
It should be emphasized that neutron emission occurs at the
very beginning of the discharge and is strongly correlated
with x-ray radiation. No neutron pulses were observed out
of the x-ray pulse. The fast neutron flux drops exponen-
tially and more slowly than 1/r? with distance from the
first CR-39 detector. The observed deviation may be
explained as a case of a nonlocal neutron source distributed
inside the anode-cathode gap.

To clarify the source of the observed neutrons and the
spatial domain of its emission requires further experimen-
tal investigation. In order to carry out the needed neutron
energy spectrum measurements, a search for the locus or
loci of the neutron emission should be done. These obser-
vation require a precision time-of-flight technique using
additional neutron detectors based on *He and ZnS coun-
ters, and partial shielding of discharge area, and the appli-
cation of different moderators and converters for
increasing the neutron flux sensitivity in the different en-
ergy ranges. It is also important to perform measurements
of possible neutron emission anisotropy. On the other hand,
any influence of average and local electric fields and
atmospheric parameters must be shown.

Currently, there is no reasonable model or mechanism to
expam the enenon neutron bstsdung aos-

LENR are never mentioned In this paper, but neutrons in lightenings
are very much mentioned in LENR people talks.
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Titanium fracture
yields neutrons?

Str—In recent experiments'’, we showed
that violent mechanical action on heavy
ice and lithium deutende lead 10 neutron
emission at levels substantially above the
background, indicating the occurrence of
d-d nuclear reactions. Because of current
interest in the possibility of d-d reactions
as a result of satuntin* titanium and
palladium with deuterium™*, we felt that a
test of mechanical agitation of titanium in
the presence of deuterium was warranted.

Titanium chips of technical punty were
tested in conjunction with heavy water,
deuterated polypropilenium (PP) and
lithium deutende. Th chips were put in a
vibromill, operated at 50 Hz and with an
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channel tor a calibrated neulron source (Curve

1) and for Ti chips agitated with 10% 0,0 ang
4% PP(Dg) (curve 2)

amphtude of S mm (the power applhed
was ~ 10 Wg™"). Two-thirds of the volume
of the vibromill drum was flled with s1eel
balls 6 mm in diameter’, the remaming
one-third comprising Ti chips and deuter-
ated matenal. In control expenments,
finely crushed Th chips were used separ-
ately, as well as DO and PP(D,)

Qur neutron detector was a block of
seven proportional counters, immersed in
3 1ank of oil and covered wath cadmium

sheetl, placed 15 om from the vibromili
drum. Detector counts were brought out
10 an Al-256-6 analyser. Detector effiar-
ency was measured using a source of 200
neutrons s intensity placed in the vibro-
mill drum (curve | in the figure), and a
regular intervals the neutron background
was measured by removing the operating
drum to a Jarge disiance.

In our expenments, nesther Ty chips nos
deutenium containing compounds showed
a ncutron signal above background (0.05
counts ') when put separately in the
drum, but when Ti chips were combined
with [0% heavy water or 4-5% PP(D,). or
with both, a neutron flux 6-7 times back.
ground (030 £ 013 counts s, taking
detector efliciency into account) was
measured, as indicated in curve 2 in the
figure, which shows the resulis from Ti +
10% DO + 4% PP(D). A constam
excess over background was measured for
10 minutes, with a subsequent atienuation
after crushing of the chips was stopped
The greatesteffect (0.41 £ 0.14countss )
was measured vung 10% DO and 4%
PP(D,) when the wibromull drum was
cooled in liquid mitrogen after mechancal
action was stopped After three or four
cycles of vibration, cach lasting 3 minutes,
neutron emussion fell 1o the background
level. Smaller effects (0.14 * 0 02 counts
s ') were found using LaD with PP(D )

We conclude that d-d reacthons occur
when Ti parucies in the drum are satu-
rated with deutenium, perhaps as 3 result
of deutenum diffusson through [reshiy
created Ty surfaces produced by the frac
tunng'. Atleast 2 atoms of D per atom ol
Ti can be absorbed, and the latuce of Th
parucies deforms by as much us 25% dunne
this absorpuion’. So 1t 1s conceivable tha
absorbed devterons can approach cach
other closelv cnough for fusion 10 occur
In addivon. elecinc fields of up 10 100V
cm ' can be crcated by destruction of the
crystal lattice . perhaps making d-d reac
tons more probable’ The increase of
neutron counts with cooling in hqud
matrogen may indicate increased absorplion
of D, as 11 1¢ known that coohing decreases
the partial pressure of absorbed hyvdrogen
or deutenun’
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GOOGLING ‘LENR’

1 he Politics aelaying LENR

Cold Fusion | EAR E-Cat

Evidence that
| ENR IS real

The fusion revolution

LERNE Oars
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| ENR the redl
deal”?
Reactors for
| ENBR N

energy generation |
though LENR B
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LENR Widom-Larsen Theory Portal: New Energy Times




[TALIAN POUTICIANS GOT INTERESTED., ..

senato.it - Legislatura 17 Atto di Sindacato Ispettivo n® 3-00406 07/11/13 09:29

Mostra rif. normativi

Legislatura 17 Atto di Sindacato Ispettivo n° 3-00406
Atto n. 3-00406
Pubblicato il 3 ottobre 2013, nella seduta n. 118

GIROTTO , SERRA , BOCCHINO , DE PIETRO - Al Ministro dell'istruzione, dell'universita e della ricerca. -
Premesso che:

da circa 25 anni si conducono esperimenti con la cella elettrolitica di Fleischmann e Pons o con reattori
basati su metalli di transizione (ad esempio in Italia il reattore al titanio-deuterio di Scaramuzzi, il
reattore al nichel-idrogeno di Piantelli-Focardi; il reattore al costantana, lega nichel-rame, di Celani) nei
quali e stata rilevata una produzione di eccesso di calore con densita di potenza elevatissime, superiori
per ordini di grandezza a quelle delle ordinarie reazioni chimiche, esplosive incluse, quindi di grande
potenzialita per le applicazioni energetiche;

I'elevata densita di potenza faceva annunciare, ai primi scopritori, di aver identificato cid che avveniva
nella cella: reazioni di fusione a temperatura ambiente, la "fusione fredda" (FF). Si tratta di
un'affermazione in totale contrasto con le conoscenze acquisite e condivise nel mondo scientifico:
I'"American Physical Society (nel suo congresso di Baltimora del 1° maggio 1989), dopo solo venti giorni
dalla pubblicazione dell'articolo di Fleischmann, Pons e Hawkins sul Journal of electroanalytical
chemistry, dichiarava la scoperta di Fleischman e Pons una mera pretesa e, nel giro di due anni, la
"fusione fredda" veniva bollata come "scienza patologica" dal mondo accademico;

alla condanna aveva attivamente contribuito il mondo accademico stesso e con la reiezione da parte
delle riviste scientifiche degli articoli sulla FF, come lamentava gia nel 1990 il premio Nobel Julian



cleVadla delnsita dl potenzZa faceva annunciare, al primi sCopritori, di aver ldentricato ClOo Che avverlvd
nella cella: reazioni di fusione a temperatura ambiente, la "fusione fredda" (FF). Si tratta di
un'affermazione in totale contrasto con le conoscenze acquisite e condivise nel mondo scientifico:
I'American Physical Society (nel suo congresso di Baltimora del 1° maggio 1989), dopo solo venti giorni
dalla pubblicazione dell'articolo di Fleischmann, Pons e Hawkins sul Journal of electroanalytical
chemistry, dichiarava la scoperta di Fleischman e Pons una mera pretesa e, nel giro di due anni, la
"fusione fredda" veniva bollata come "scienza patologica" dal mondo accademico;

alla condanna aveva attivamente contribuito il mondo accademico stesso e con la reiezione da parte
delle riviste scientifiche degli articoli sulla FF, come lamentava gia nel 1990 il premio Nobel Julian
Schwinger, e al Massachussets institute of technology (MIT) con attive campagne di denigrazione e
falsificazione dei dati a favore della "fusione calda", come testimonio in un suo libro del 1991 Eugene
Mallove, caporedattore scientifico al MIT;

a parere degli interroganti l'ostilita nei confronti della FF, oltre che per la sua inspiegabilita nell'ambito
delle teorie condivise, € perdurata negli anni principalmente per i seguenti motivi: le difficolta nella
riproducibilité degli esperimenti; Iosmdatatendenza nelmondodelllsma voler legittimare CIO

successo, ad orientare cospicui investimenti pubblici sui canali designati (un solo esempio tra i tanti:
risulta agli |nterroant| che ammonta ad oltre 7 miliardi d| euro il costo dell’ eserlmento sul bosone di

Iggs); Una tendenza del militari a velare gli esperimenti di FF con la segretezza per motivi connessi
ﬁ%gn"ﬁovazmne nelle armi nucleari (ad esempio, compare solo nel 2002 il rapporto della U.S. Navy sugli
esperimenti condotti nei loro laboratori nel periodo 1989-2002, quasi tutti con produzione di rilevanti

"anomalie" termiche e di elio);

considerato che:

I'esperimento piu citato dai fautori della FF come prova del carattere di reazione di fusione a
temperatura ambiente - |la replica nel 1998 presso lo Stanford research institute (SRI) dell'esperimento
noto come "M4", realizzato da M. McKubre e altri nel 1994 sempre presso lo SRI - mentre conferma
I'eccesso di energia ad alta densita nella forma di calore e la simultanea produzione di elio, ¢,
paradossalmente, una prova sperimentale che la reazione nella cella elettrolitica non puo essere una
reazione di fusione a temperatura ambiente, con cio postulando la necessita di una diversa teoria;

la nuova teoria avanzata negli ultimi anni da A. Widom, L. Larsen e Y. Srivastava (WLS) per
interpretare vari fenomeni, tra i quali I'eccesso di potenza termica rilevato nella cella di Fleischmann e

http://www.senato.it/japp/bgt/showdoc/frame.jsp?tipodoc=Sindisp&leg=17&id=00719513&stampa=si&toc=no Page 1 of 3
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Department of Defense FY 2012 Budget
Estimates (DARPA) Includes Budget for
LENR

http://www.scribd.com/doc/ 10004687 9/Department-of-Defense-FY-20 | 2-Budget-Estimates-DARPA-Includes-Budget-for-L ENR
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GLOBAL CLIMATE CHANGE
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| Key Indicators
Evidence
Causes
Efects

Consensus

NASA's Role
A few nuclear nuggets

To understand what this is

CLUMATE RESOURCES all about, let's review a few
nuggets about the atom that
INTERACTIVES you'll want 1o keep in mind-

IMAGES AND VIDEO

Key Wobsitos

1. An atom consists of a
CUMATE KIDS nucleus (one or more
protons and, usually, one or
more neutrons) around i
which one or more
NASA CLIMATE DAY - olectrons orbit, [

42 5 12 2 a nucleus determines which

BIRocommend W Tweet 1 +1 émddt

4. Isotopes are versions of
an element which differ
February 12, 2013 the number of neut :y
EYES ON THE EARTH By Bob Siberg, their nuclei. A group of
FFICIAL HONOREE 2013 NASA Jet Propulsion Laboratory atoms which all have the
same number of protons but
How would you like 1o replace your water heater with a nuclear reactor? That's difforent numbers of
what Joseph Zawodny, a senior scientist at NASA's Langley Research Center, neutrons is a group of
hopes to help bring about. It would tap the enormous power of the atom to m.ld“m
provide hot water for your bath, warm air for your furnace system, and more than
enough electricity to run your house and, of course, your electric car. 5. Different isotopes have
if your thoughts have raced to Fukushima or Three Mile Island or Chernobyl, let Sonnla::bb:iomd,.
me reassure you. Zawodny is not suggesting that you put that kind of reactor in years, cthers decay into
your house. What he has in mind is a generator that employs a process called more stable isotopes in a
Low-Energy Nuclear Reactions. (The same process is sometimes called Lattice tiny fraction of a second.

Energy Nuclear Reactions. We'll just call { LENR )

So what is| LENR and how might it one day fill all your energy needs without risk
Dennis Bushnell's article,
Low Energy Nuclear
Reactons, he Realism and

of blowing up, melting down, or irradiating the neighbors?
Nuclear energy in a nutshell




1 “cold fusion” for the results which

. The epiphany

“For NASA Langley,” according to
Bushnell’s article, “the epiphany moment
on LENR was the publication of the
Widom-Larsen Weak Interaction LENR
Fheory,” which was published in 2006,
1 According to Zawodny and Bushnell, this
| theory provides a better explanation than

1 researchers have obtained over the last

1 couple of decades. And it might explain
much more than that. At a meeting of the
American Nuclear Society in November
Larsen, speculated that LENR may
occur naturally in lightning— y on
t" -artt \'.‘ ' in

In theory, a metal (gray) holding
hydrogen ions (purple) as a sponge
holds water (called a metal hydride) can
provide one potential fuel for LENR.

became our solar system. If true, LENR might solve a mystery uncovered by
NASA's Genesis mission, that the pattern of oxygen isotopes on the sun differs
greatly from that of Earth.

1 The theoretical underpinnings of LENR are complex, but the basics are pretty
easy to understand. Instead of splitting an atomic nucleus apart or ramming two
| mutually repelling nuclei together, Widom-Larsen’s LENR simply offers a very
slow-moving neutron to a nucleus. According to Zawodny, nuclei presented with
sluggish neutrons siurp them up Iike a hungry Texan with a bowl of firehouse
1 chili. But like many a chili consumer, the nuclei can find that their indulgence
makes them, shall we say, unstable. And while | am too polite to continue the
chili metaphor past this point, the nuclei do find that emissions relieve their

distress.

With rare exception, Zawodny said, a nucleus which has lapped up one too
many neutrons spits out an electron, which it gets by breaking up one of its
neutrons into an electron and proton (and an anti-neutrino, but we can ignore
that). So where it once had an extra neutron, making it an unstable isotope of
whatever element it was, it now has an extra proton instead, which makes it a
more stable isotope of a different element. This process releases energy which,




SACICS OF WIDOM-LARSEN THEO

- Surface electron masses are shifted upwards by localized

condensed matter electromagnetic fields (effective mass). In
particular ‘the collective motions of the surface (metallic
hydride) protons produce the oscillating fields that renormalize
the electron mass’ [...] ‘highly loaded palladium hydrides
present a full proton layer on the hydride surface oscillating

with some frequency €.

- e +(AZ) — (AZ-1) + Ve (Where m(e’) > m(e))

A process of this kind is known to occur when muons
are mixed Into hydrogen systems, otherwise we need

m(e)>m(n)-m(p)=1.29 MeV =25 m(e)

Bl



oOME IMMEDIATE QUES TTONS

* Do we need an external source to stimulate oscillations! For example a
LASER source. (If not, the material should eventually loose its capacity to

dress the electrons masses).

» Should we expect an output neutron flux! Sometimes one reads that the
ultracold neutron flux are just trapped in the material. Sometimes they
are supposed to be able to escape, as In ‘plasma discharge experiments.

* Never seen a discussion on the expected neutron spectra. Theory should
give some Indication on neutron spectra to guide experimental searches

for neutron detection depending on the energy spectrum.

 Emissions of gamma and/or X! The authors claim NO. They are expected
to be captured (¥?) by (heavy) plasma electrons which radiate back in the
IR



HOW 1O EXTRACT SOVIE ENERGY

Suppose that an Initial concentration of lithium-6 I1s employed
(near a surtable metallic hydride surface). The existence of weak
interaction produced neutrons allows the following chain [from
their papers]

Li
Li

n+zLi—>

W 0 W

n —I—Z 5=
JLi— Bete +7, contributes ~|6 MeV
"Be — 2. He

6

Q(2n + . Li — 2. He + e~ + 1) ~ 27 MeV

3

A nuclear reaction cycle 1s obtained considering the chain

5

n+;lHe—> He

\V)

n +Z He —>z He
H i o
Q(2n + 2He i gLi +e  +7.) ~3 MeV

What about the energy needed to produce all these neutrons!



oOME COMVENTS ON THE E-FECTIVE MASS
(SEMI-QUALITATIVE CONSIDERATIONS)



| FCTRON IN A PLANE WAVE AND M*

(95 + ZAM> (0 + EA“) — m2c?

Canonical Momentum = = EAu(f)
c
Find the integral in the form S =—F .zt + (&  insuchiawaythat =4
Se—2lonr
f2 St m202

A solution for F can be found as a function of xi. Differentiating S w/ respect to x one obtains the
Canonical Momentum F and, subtracting A, the Kinetic momentum (¥=k.[)

62

e e .
P fu_gAu e E:y_(f Ak = 2—(:77—A Ky

If we square this quantity (a sanity check) we simply get the standard dispersion relation p?=m?c?

E? — p2® = m2



Ultra low momentum neutron catalyzed nuclear reactions

on metallic hydride surfaces
A. Widom*+®, L. Larsen®

‘ Physics Department, Northeastern University, 110 Forsyth Street, Boston MA 02115, USA
? Lattice Energy LLC, 175 North Harbor Drive, Chicago IL 60601, USA

Received: 3 October 2005 /

Published online: 9 March 2006 — € Springer-Verlag / Societa [taliana di Fisica 2006

Abstract. Ultra low momentum neutron catalyzed nuclear reactions in metallic hydride system surfaces are
discussed. Weak interaction catalysis initially occurs when neutrons (along with neutrinos) are produced
from the protons that capture “heavy” electrons. Surface electron masses are shifted upwards by localized
condensed matter electromagnetic fields. Condensed matter quantum electrodynamic processes may also
shift the densities of final states, allowing an appreciable production of extremely low momentum neutrons,
which are thereby efficiently absorbed by nearby nuclei. No Coulomb barriers exist for the weak interaction
neutron production or other resulting catalytic processes.

PACS. 24.60.-k; 23.20.Nx

1 Introduction

It is very well-known that a proton p* can capture
a charged lepton |~ and produce a neutron and a neutrino
from the resulting process 1]

(1)

A common form of nuclear transmutation in condensed
matter is understood in terms of (1). An electron e~ that
wanders into a nucleus with Z protons and N = A — Z neu-
trons can be captured, producing an electron neutrino v,
and leaving behind a nucleus with Z — 1 protons and N +
1=A-(Z — 1) neutrons. The electron capture process in
a condensed matter nucleus may be described by the nu-
clear transmutation reaction (2,3

1" 4+p* 9 n+n.

e +(A,Z) (A, Z~1)+ve. (2)
Note the absence of a Coulomb barrier to such a weak in-
teraction nuclear process. It is this feature that makes the
neutron induced nuclear transmutations more likely than
other nuclear reactions that are impeded by Coulomb bar-

protons at virtual rest. For (1) to spontaneously occur it is
required that the lepton mass obey a threshold condition,

Mic? > M, c? — Myc® =~ 1.293MeV = 2.531M.c*, (3)

which holds true by a large margin for the muon, but is
certainly not true for the vacuum mass of the electron.
On the other hand, the electron mass in condensed matter
can be modified by local electromagnetic field fluctuations.

argument wherein the electron four momes
in an electromagnetic field F,,, = d,A, —
Hamilton-Jacobi equation [7]

Tl r-) > o

If the ficld fluctuations average to zero A, = 0, then the re-
maining mean square fluctuations can on average add mass
to the electron M, -+ M, according to a previously estab-
lished rule (7,8

_ o 2 _______
@: M2 = Mz + (©) AFD (5)




[HE WL EFECTIVE MAGS

In other words the WL recipe is: start from

62

e e .
Dyt fu_EAu s ;;(f - Ak, — %A Ky

Average over fields fluctuations setting <A>=0 In such a way to be left with

S ey

]_%L:fu k,u

Defining

Sy [ A
p,up —1m C

WL obtain (set c=1)

A
m*:m\/l— - A2

m?2ct

...a non-gauge invariant quantity. In such a way WL deduce that the
effective mass can be as large as 20me by working on the <A?> value

m* = Bm with § as large as 20!

BUT, on the timescales over which the actual weak interaction process
occurr should we really use <p> instead of the instantaneous p?



ANO THER

XAV

Bl

| H

- POLARON

2
izs L8 T - 1 T, —tkax ik-x
= 5 %5 Ek a;ar + o Ek k(ake axe )

e- potential energy due to lattice vibrations

x electron position

k phonon momentum

EP = p?/2

pP— k

i
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o

phonon
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1)2

E =='——'-+.£S120 ~

2

E°=(p—k)?/2+1

2

For small values of p

2

p D .
2 P 512+”'_

m— i andEe =i

2

B

2(1+ B/6)

Read the effective mass from here

13 —_

ﬂ\f

Depends on static and h.f. dielectric constants of the crystal
(and W=w(k—0) assumed independent of k)




COMMENTS ON THE NEUTRON PRODUCTION RATE
(QUANTTTATIVE CONSIDERATIONS)




FOWEVER, LET Us ALLOW AN EFrECTIVE MASS

An order of magnitude estimate can already be derived
from a four fermion weak interaction model presuming
a previously discussed[l‘f_ electron mass renormalization
m — m = 3m due to strong local radiation fields. Sur- 2\ 92
face electromagnetic modes excited by large cathode cur- (G EFm )

rents can add energy to a bare electron state ¢~ yielding FWL (ep —> nye) o (1 _|_ 3)\2 ) m (6 S BO ) 2

a mass renormalized heavy electron state ¢, with 27‘(‘2

= om 7 X=galgy~125and eactlc |

Putting the constants at their place

The threshold value for the renormalized electron mass
which allows for the reaction Eqs.(1) and (2) is

3> By~ 2.531. (8)
For a given heavy lectron-proton pair (¢ p*), the tran- Something was missing here: the probability weight of

sition rate into a neutron-neutrino pair may be estimated : :
in the Fermi theor e finding the e- and p at the same point/ A mandatory
consequence of the Fermi Lagrangian

Pie-pe)onin, ~Tx 107" Hz x (B~ 5)%, (9)

|
<
~—~
)
~—

2
o S _ ['(ep — nv,) e —
If there are ny ~ 10'°/em® such (€ p*) pairs per unit
surface area within several atomic layers below the cath- 2
(Gpm)

ode surface, then the neutron production rate per unit 2 2 2
= () x (1 +3X°)(8 — bBo)

\ / s ;

\ / ———— Fermi NRVII /===
Y, » n
e \\> ..... / ..... {//

/ D R ; ;

e / \\ B} Similar formula for the annihilation of ee™ into photons

/ \

/ \

Recall: If f<pfo the process is forbidden.

FIG. 1: A low order diagram for ¢~ +p~ — n + v, in the
vacuum is exhibited. In condensed matter metallic hydrides,
the amplitude must include radiative corrections to very high

order in a. SeCiveh et al ERJC (208 2y onii s
Widom & Larsen nucl-th/0608059



SATE OF NEUTREON PRODUCTION

We can rewrite (Ciuchi, Maiani, Polosa, Riquer, Ruocco, Vignati, EPJC2012, 72:2193)

3 (GFm2)2
2772

(14+3X%)m B° (B8 — Bo)?

['(ep — nv.) = «

sty By
m(a*)3  mad
ando — I/(am) — 04 A

where we used 1(0)]? =

The B cubic factor is an enhancement with respect to WL but it has to be confronted with o !

Consider that I'wi(ep — nv.|8 =20) = 0.56 Hz

whereas ['(ep — nv.|B =20) = 1.8 x 107° Hz
Blep nv |8 — 28, —52 69 < 10z Gz

A beta of 61 is needed to recover the numerical value of WL;
this means an electron with 30 MeV !



5 | FOTRONG

The reason for considering the potentially active electrons (dressed) as
those bound in atoms was that of enhancing the WI effect at its highest
possible values. Otherwise what I1s the flux of incdent (dressed)
electrons! Recall that we have to confront with weak interactions xsects:

gles "0 =it~ 108 ui
Consider |0 MeV electrons (?7) with v~0.| (to use a WLS number) the rate is

I'=povXxo

e flux on a single proton

Suppose the material is as thick as L, then

p(1/cm?®) x L(cm) = 10'®/cm?
# assumed in WL

and we would get
FE— Dam) — 108 [
BeE 1) 105 .

to be compared with I~0.5 Hz
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Weak Interaction Neutron Production Rates in Fully lonized Plasmas

A. Widom and J. Swain
Physics Department, Northeastern Universily, Boston MA 02115

Y.N. Srivastava
Physics Department & INFN, University of Perugia, Perugia IT

Employing the weak interaction reaction wherein a heavy electron is captured by a proton to
produce & neutron and a neutrino, the neutron production rate for neutral hydrogen gases and
for fully ionized plasmas is computed. Using the Coulomb atomic bound state wave functions
of a neutral hydrogen gas, our production rate results are in agreement with recent estimates by
Maiani et al. Using Coulomb scattering state wave functions for the fully ionized plasma, we find
a substantially enhanced neutron production rate. The scattering wave function should replace the
bound state wave function for estimates of the enhanced neutron production rate on water plasma

1305.4899v1 [pe

drenched cathodes of chemical cells.

PACS numbers: 24.60.-k, 23.20.Nx

L. INTRODUCTION

In years past we have been working on weak inter-
action inverse beta decay 113] including electromagnetic
interactions with collective plasma modes of motion. Our
consi i aici L. Our neu-
Ton production rate[l, 2] is a factor of ~ 300 larger
that of Maiani[4). Our purpose is to point out the source
his difference so that the physical principles
resolved.,

In Sec(Ill the calculation of neutron production for a
neutral plasma of Ciuchi et all4] is briefly reviewed. Since
the surface plasmas of hot cathodes within which neutron
production is observed[3 are fully ionized, the neutral
atomic gas case is not relevant. The irrelevant two body
wave funct lon[:—f_ employed for the neutral gas case should
be replaced by the two body Coulomb wave function rel-
evant to the fully jonized plasma. This is the usual fully
ionized plasma situation, for example, in the study of the
weak interaction electron capture reactions

(general)
(special case) e +p

in solarla physics, Scattering Coulomb wave functi
also enter laboratory high energy|6] physics. The case o
the fully ionized plasma is discussed in Sec In SeclIV!
our previous neutron production estimates|1H3 are veri-
fied employing the scattering Coulomb wave function.
In the concluding Sec[V we briefly indicate how collec-
tive many body interactions may modify the situation.

e+ 23X L X+,

II. NEUTRAL GAS OF ATOMS

For a gas of neutral objects which consist of a heavy
electron bound to a proton, the Coulomb wave function
in the zero total momentum frame

c—r,'o h'l

whereinr =r, ~r,: and m is the reduced mass of the
heavy electron. With the lowest order Fermi cross section
for a heavy clectron to scatter from a proton producing
a neutron and a neutrino,

_ ¢ (Gem*\*, ,
U=W=2—”(;‘—c) (97 + 3g7) x

h 2
L 2_ .2
(mc) (7 = M hreshotd)- (3)
If n denotes the number of bound neutral objects per
unit volume, then the transition rate per unit time per
unit volume to produce neutrons from the decay of the
neutral objects

@olle p*) =+ n+ ) = nvoly, - - (0)?,

p to this point we are in agreement with the comment
of Ciuchi et al4]. Our disagreement involves the more
physical regime wherein the plasma is fully ionized. The
particles are charged and not neutral and the wave func-
tion Eq.(2) chosen by Ciuchi et al4] is thereby incorrect.
The correct wave function is written below.

1II. FULLY IONIZED PLASMA MODES

For a fully ionized plasma, the constituents of the
plasma are the charged heavy clectron and the proton.
We seck the scattering state production of neutrons

e 4+p" wntu,. (5)

The wave function factor |1(0)? needed to include
Coulomb attraction into the scattering is changed from
the neutral plasma value 1/(wa®). The positive en-
ergy E = mv?/2 = h*k?/2m scattering Coulomb wave

Plasina

Regime



CLASSICAL SOMMERFELD

“NHANC

s Jie @ b i

MWhen ¢ = R then b =5,
Recall:v... = /20

 9px2 r*

mh



CQUANTUM SOMMER

Gamma function I'(z) and the confiuent hypergeometric
function 1 F(£:C2)

U(r) = e'kr (c"‘"li?k":’r (l !

.

i kr—-k-r
‘F‘(E‘I'T

If r <+ 0, then

. B (2me? /hv)
( () = 1 — exp(—(27e? /hv)) ° )

The neutron production rate per unit time per unit vol-
ume is then

»n 4 v,) = nlve|w(0)? = n?plw(0)?,

2
» (8)

:::(c” + p-
2racn’e
1 — exp(—2mea/v)

i
- =

wherein a = ¢? /he.

IV. THE NEUTRON PRODUCTION RATIO

The ratio @w/@q of the neutron production rates per
unit time per unit volume can be deduced from Eqgs.(4)
and (8). Thermal averaging at a temperature small on
the scale of the heavy electron mass kgT" <€ me? yiclds(c'{
the transition rate per unit time per unit volume for pro-
ducing neutrons

w 4 /C
n=— = 27’ana” <—>
@0 v

2
R
~ 2n’ana® j" e (9)
L \v ‘.TkuT ’

where n is the number of electrons per unit volume.

vaiouslyﬁ] estimated temperatures of hydride cath-
odes T' ~ 5 x 107 “K are in agreement with the observed
hot color of their brightly light emitting surfaces'd]. The
resulting neutron production as described by Eq.(9) is
given by i ~ 5 x 10? in rough agreement with our pre-
vious estimates(1 3. The factor of ~ 300 discrepancy is
thereby resolved.

V. CONCLUSION

Many body plasma effects on neutron production
may be described by the correlations between the elec-
tron coordinates (r;,---,ry) and proton coordinates
(sy,-++,8y) as given by the correlation function

N N
C= ‘L <;Z6(r, s,-)> = n (10)

. i
wherein £ = [1»(0)/? only if there are merely two body

collisions in the plasma. Collective oscillations and many
body collisions would tend to raise the value of £ but
require a many body Greens function analysis to include
such effects in detail. However, previous discrepancies
are now understandable.

We reiterate that at the level of dilute plasma two-body
correlations dealt with in previous work[j), the order of
magnitude of the discrepancy has herein been resolved.
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SRAT/V

> | /v additional enhancement
(if v small)

BUT we are in a plasma, thus
the field is not Coulomb but
rather Yukawa type

v=-2 Ze-mor
r r



COULOMB SCATTERNG (N VACUUM)

The Coulomb scattering Schrodinger equation can be solved analitically

i (r) = ™2 T(1 — i/k)e* T F(i/k, 1, ikr — ik - 1)

which gives the low velocity enhancement (here Coulomb+natural units are used)

i 2T 2T
I R A TS GRS
e Dl L —Te= 2Ry = e iy

and, since electrons are not paired to a single proton, a factor of n? appears
L.le” +p = n+v.) =nY0)|*ve ~ 2rnlac

to be compared with the one of a bound electron (the wave function has different
dimensions in the bound problem)

1 1
~ " 20 - 3
Tple” +p — n+ve) =nlv(0)|“ve = nvﬂ(a*B)?)a — nv@(fﬁ
giving
te o2 .8 L1 WSS miss the
Iy B g3 beta factor

But do we really have the 'vacuum™ Sommerfeld enhancement in a plasma?



N A PLASMA: DEBYE SCOREENING

o o
In a plasma V=—_—__ __eg MDr
r r

the maximum attainable Sommerfeld enhancement saturates to (in WKB approximation)

1 a a
DAt =l — o Y

Using densities like those quoted in Widom, Swain & Srivastava n~10%° cm3 and
7\ 1/2
o 3 (—> eV~

where T ~ 5 10° K we get

e e i)
ap
thus obtaining
I 1 ) a: il
s g S, g, :
Fb T B63 Qs 7T BBB a*B ﬂ-(na’B)aB 52

where we expect at maximum (nag>~ | ): thus 10/400=0.025 for beta=20!Very far from the
claimed factor of 500...



SUT EVEN WITH NO SCREENING. .

Incidentally we note that the ratio computed by WSS does not contain beta

I'. 5 s 1 [2me 5
T, ~ 2T omaBBSU 7 ~ 10

does not yield 500! Even dropping beta, we are left with 103

N.B.We notice that the WKB approximation breaks down for velocities
v S a(ag/a) = a(ap/ab)

Using n~10%° cm we have a/ag~ 10 and beta=20, this means v~4*10~ to be compared
with the thermal velocity

v~ kT /m* =3 x 104
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Ve indicate the points (arrows) where the rate is the WL claimed
one, namely 0.56 Hz @ B=20.The density n is in cm~ higher values are
not realistic.



Erroneous Wave Functions of Ciuchi et al for Collective Modes
in Neutron Production on Metallic Hydride Cathodes

A. Widom
Physics Department, Northeastern University, Boston MA 02115

Y.N. Srivastava
Physics Department & INFN, University of Perugia, Perugia IT

L. Larsen
Lattice Energy LLC, 175 North Harbor Drive, Chicago IL 60601

There is a recent comment|1] concerning the theory of collective many body effects on the neutron
producgegn rateges o chgaical ba — Clucgaye! y b L e s
i ampliy

> nydrides, there afe
wave function with only one electron and one proton is inndequate for describing collective metallic
hydride surface quantum plasma physics in cathodes accurately.

PACS numbers: 24.60.-k, 23.20.Nx

I. INITIAL COMMENTS II. DANGER IN . NUMBERS

“iuchi ef al team asserts that the factor of two
ree orders of magnitude would render the inverse beta
decay unobservable. Fortunately they are completely in-
correct in this regard. There are experiments carried
out by those in D). Cirillo ¢t alf]| that reside in Naples.
Thev have ac r observed bo 5 jons
\v 3 - N - \.
Even if our theoretical neutron counting rates were high
v a factor of 300, then Cirillo et al could still and indeed

In years past we have been working on weak inter-
action inverse beta decay while interacting with various
collective modes of motion in condensed matter systems.
Our considerations have been recently criticized|1]. Thy
difference of opinion on the rate of neutron productiof
in hydride battery cathodes has a brief history startin
from a talk at Roma La Sapienza by Y. Srivastava cited
by Ciuchi et alll].

10.5212v1 [nucl-th] 17 OmZ

At this talk, a discussion arose where some of the au-
thors of (1. mentioned disagreements with the results pre-

N sented by YS by factors of 1077, later reduced to a factor .
20 We pol N : " WOTC . . :
. of 10°¥, We pointed .mxl that our cstimates were lm.wfl they start from neutron production rate with the time
. on an actual calculation of the collective process and di-  ponored formula

Cooling water outlet se beta decay
tivate nceutron

j of that group
an internal re-
gh in our esti- wherein the amplitude for finding one electron at position
wards the goal r and one proton at position R is

that they work

jess. As a re- ¢ = ¢¥(r - R), (2)
fon production
pay doum from

Cle p* = n+w,)=|v0)|ve (1)

()(v)bAQ
Agilent 34970A
DC Pwr Supply

Elind 500KL  *

K type thermocouple

v is the relative velocity and o is the ¢ p* cross section.

The relative velocity value employed by Ciuchi et al is
public the last copied from our paper on exploding wires thus arriving
del that would  at a theory of exploding batteries(6]. Absurdities would

<«Cooling water inlet } with theoreti- also arise from Ciuchi et al taking our numbers from a
) fis subject|2, 3 paper describing neutron rates in lightening bolts. Al
Cathode  0.5M K,CO; Solution i A complete these papers of ours are cited and numbers copied from

aration and them even though they are clearly irrelevant for describ-
| ' will be presented shortly. ing neutron production on metal hydride cathodes.
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OSCILLATION CENTRE FRAME

It the effective mass connected to the instantaneus kinetic momentum or
to its time average’

Assume that A lies in the yz plane and ¢=0. Define k as the components of fin

the transverse yz plane, and compute the kinetic momenta (differentiating S w/ resp
to coordinates)

Dy = Ky — —Ay

€
R e R e EAZ

2 2 2
px:_1+mc + K ——ili',-A+ e

A2
2 27y cy 2vc?

Now we can average over time and compute <p;>.
VWe can choose a reference frame in which all spatial components <p;>=0
.e. the particle is at rest in it on average. This is known as oscillation center frame.

The following two conditions on k and Y are found (to allow <p>=0)

2
x = 0 and ’72 — m202 -+ 6—2A2 (OCF)
C

Does fact that there is a relation between ¥ and <A2> implies that the effective
mass formula in the previous slide is arbitrary? m* = (f - k) /c



OSUILLATION CENTRE FRAME

Then, writing the instantaneous kinetic momentum using the conditions on f and

the relation between (fk) and <A2?> one (obviously) obtains the the expected
squared value of the fourrmomentum

2
I - (A — A?) » _
2vc '
e
py=—-4 '
Y =y
e
Pz = __Az
C a0
: ‘

B cp.. - —mc a4
c

Comes from requiring <pi>=0.
Oscillation Center reference system:
the particle is at reast in it on average.

s b 0 and AN — (0.0, sin £, 0)

............

Again one obtains: - wave sopagaton dstice

K — H— 1 = .
E2 . p202 m2C4 k (k,k,O;O), A (00 SIS0 e
a :
T = _8(1 T a2/2) sin 2&

a
YT A+ a2/2)1m

cos &



(=F) BOUND STATE

2(2) 7, (1 = ys)e(z)][(z)7" (1 = Ays)p()] =
= —[ec(@) (1 +75)ve(@)][A(2)y*(1 = Ays)p(2)] =

s Ll
1;AEJ@%UAJ%WWHW®MN1+%WQ®H
and define
Fol0100l(ep)o) = T =22 0][ec (0)(1 — 15)p(0)]|(e P
A0 )} == — 52 (0ec(0) (L + 1) (O)]e"p)n)
Lphen e G—\/g[fon(x)(l s 75)7/0(*77)00 i flﬁ(x)%'(l o 75)V0(x)01i]
to find
1 |2 (GFmG)Q

ﬂnom%nm+smoy%nmp:wm) (= E e o Bl

27T
where

e p) = (2m)%/? / Bp F(p)o(r, 5)(a)! () (a?)! (—p)[0)

and

1 3
6(0) = G337z [ € @)




DIRAC Q. IN EM PLANE WAVE
One can even go through the Dirac equation in an external em plane wave (set c=1)
v=(1+ ) e

5 e e e .
o d¢<<k-f>(f'A)‘2<k-f>A>
where ¢ = k- x

f* is a constant four-vector with f% =m

2
and uu = 2m
The time-averaged momentum Is obtained by computing (here c=1)

. wT(zﬁH)w . e? A2 .
PM ‘_< wJMZ >—fM2(f.k,)kM <__8MS)

Same as in the classical case. Again we have to specify f and after that we will find
the standard dispersion relation for the electron.

Notice that once the average over time is taken, the canonical and kinetic momentum are the

same. k
. 2
S:—f-a;—/ dg( oA A2)
0 c(k - f) 2¢2(k - f)
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