
LOW ENERGY NUCLEAR REACTIONS?
AD Polosa & R Faccini 

Dipartimento di Fisica, Sapienza Università di Roma



PART I: INTRODUCTION AND  
THEORETICAL CONSIDERATIONS

PART II: DESCRIPTION OF THE PLASMA  
DISCHARGE EXPERIMENT AT ENEA

See S. Ciuchi, L. Maiani, ADP, V. Riquer, G. Ruocco, M. Vignati, EPJC (2012) 72:2193 
L. Maiani, ADP in preparation (on Sommerfeld enhancement) 
Acknowledged discussions with F. Guerra and M. Testa  

Work done with ENEA staff: M. Angelone, E. Castagna, S. Lecci, A. Pietropaolo, M. Pillon, 
                                           M. Sansovini,  F. Sarto, V. Violante 
INFN-Frascati Staff:           R. Bedogni, A. Esposito 
and Sapienza:                    R. Faccini, A. Pilloni, ADP

See arXiv:1310.4749  

http://arxiv.org/abs/arXiv:1310.4749


1ST EXAMPLE: NEUTRONS IN LIGHTENINGS



10 MEV!! NEUTRONS IN LIGHTENINGS

LENR are never mentioned in this paper, but neutrons in lightenings 	

are very much mentioned in LENR people talks.



2ND EXAMPLE: TI FRACTURES & PIEZONUCLEAR REACTIONS

Nature 1989
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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'università 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 è stata rilevata una produzione di eccesso di calore con densità di potenza elevatissime, superiori
per ordini di grandezza a quelle delle ordinarie reazioni chimiche, esplosive incluse, quindi di grande
potenzialità per le applicazioni energetiche;

l'elevata densità di potenza faceva annunciare, ai primi scopritori, di aver identificato ciò 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:
l'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 già 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 testimoniò in un suo libro del 1991 Eugene
Mallove, caporedattore scientifico al MIT;

a parere degli interroganti l'ostilità nei confronti della FF, oltre che per la sua inspiegabilità nell'ambito
delle teorie condivise, è perdurata negli anni principalmente per i seguenti motivi: le difficoltà nella
riproducibilità degli esperimenti; la consolidata tendenza nel mondo della fisica a voler legittimare ciò
che si debba ritenere scienza, atteggiamento indubitabilmente pre-galileiano ma funzionale, e con
successo, ad orientare cospicui investimenti pubblici sui canali designati (un solo esempio tra i tanti:
risulta agli interroganti che ammonta ad oltre 7 miliardi di euro il costo dell'esperimento sul bosone di
Higgs); una tendenza dei militari a velare gli esperimenti di FF con la segretezza per motivi connessi
all'innovazione 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:

l'esperimento più 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
l'eccesso di energia ad alta densità nella forma di calore e la simultanea produzione di elio, è,
paradossalmente, una prova sperimentale che la reazione nella cella elettrolitica non può essere una
reazione di fusione a temperatura ambiente, con ciò postulando la necessità 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 l'eccesso di potenza termica rilevato nella cella di Fleischmann e

Mostra rif. normativi
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THE BASICS OF WIDOM-LARSEN THEORY

• 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 𝜴’. 	


• e- +(A,Z) ⟶ (A,Z-1) + νe  (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 ≃2.5 m(e)     



SOME IMMEDIATE QUESTIONS
• 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 TO EXTRACT SOME ENERGY
Suppose that an initial concentration of lithium-6  is employed                                                                      
(near a suitable metallic hydride surface). The existence of weak	

interaction produced neutrons allows the following chain [from 
their papers]
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A nuclear reaction cycle is obtained considering the chain
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contributes ~16 MeV

What about the energy needed to produce all these neutrons?



SOME COMMENTS ON THE EFFECTIVE MASS 
(SEMI-QUALITATIVE CONSIDERATIONS)



ELECTRON IN A PLANE WAVE AND M*
⇣
@µS +

e

c
Aµ

⌘⇣
@µS +

e

c
Aµ

⌘
= m2c2

Canonical Momentum

Find the integral in the form
S = �fµx

µ + F (⇠)

⇠ = k · x
f

2 = m

2
c

2

in such a way that f0>0

A solution for F can be found as a function of xi. Differentiating S w/ respect to x one obtains the 	

Canonical Momentum P, and, subtracting A,  the Kinetic momentum (ɣ=k.f)

Pµ = �@µS = pµ +
e

c
Aµ(⇠)

pµ = fµ�
e

c
Aµ +

e

c�
(f ·A)kµ � e2

2c2�
A2kµ

If we square this quantity (a sanity check) we simply get the standard dispersion relation p2=m2c2 

E2 � p2c2 = m2c4





THE WL EFFECTIVE MASS

m⇤ = �m with � as large as 20!

…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 <A2> value

In other words the WL recipe is: start from 

pµ = fµ�
e

c
Aµ +

e

c�
(f ·A)kµ � e2

2c2�
A2kµ

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

Defining 

WL obtain (set c=1) 

pµ = fµ � e2A2

2c2(f · k)kµ

pµp
µ = m⇤2c2

m⇤ = m

r
1� e2

m2c4
A2

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



For small values of p Read the effective mass from here

Depends on static and h.f. dielectric constants of the crystal	

 (and ω=ω(k→0) assumed independent of k)

ANOTHER EXAMPLE: THE POLARON 

e- potential energy due to lattice vibrations

phonon

m = 1 and ! = 1



COMMENTS ON THE NEUTRON  PRODUCTION RATE 
(QUANTITATIVE CONSIDERATIONS)



HOWEVER, LET US ALLOW AN EFFECTIVE MASS

Widom & Larsen nucl-th/0608059

Putting the constants at their place

�WL(ep ! n⌫e) =
(GFm2

)

2

2⇡2
(1 + 3�2

)m(� � �0)
2

� = gA/gV ⇡ 1.25 and cos ✓C ⇡ 1

Something was missing here: the probability weight of 
finding the e- and p at the same point! A mandatory 
consequence of the Fermi Lagrangian

�(ep ! n⌫e) = | (0)|2 ⇥ v� =

= | (0)|2 ⇥ (GFm)2

2⇡
(1 + 3�2)(� � �0)

2

Similar formula for the annihilation of e-e+ into photons

Recall: if 𝛽<𝛽0 the process is forbidden.

Fermi NP VIII 9’

S. Ciuchi et al. EPJC (2012) 72:2193

PHSP



RATE OF NEUTRON PRODUCTION

Consider that 

| (0)|2 =
1

⇡(a⇤)3
=

�3

⇡a3

and a = 1/(↵m) = 0.54 Å

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

The 𝛽3 cubic factor is an enhancement with respect to WL but it has to be confronted with α3 !

�(ep ! n⌫e|� = 20) = 1.8⇥ 10�3 Hz

�(ep ! n⌫e|� = 2�0 = 5.2) = 6.9⇥ 10�7 Hz

...

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

�WL(ep ! n⌫e|� = 20) = 0.56 Hz

�(ep ! n⌫e) = ↵3 (GFm2)2

2⇡2
(1 + 3�2)m �3 (� � �0)

2

where we used

whereas



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

�(e� + p ! ⌫ + n) ' 10�41 cm2

Consider 10 MeV electrons (??) with v~0.1 (to use a WLS number) the rate is

� = ⇢ v ⇥ �

Suppose the material is as thick as L, then

⇢(1/cm3)⇥ L(cm) = 1016/cm2

and we would get 

�(L = 10µm) = 10�13 Hz

�(L = 1Å) = 10�8 Hz

...

e- flux on a single proton

# assumed in WL

to be compared with 𝛤~0.5 Hz 



Plasma	

Regime



CLASSICAL SOMMERFELD ENHANCEMENT
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QUANTUM SOMMERFELD E.: EXTRA 1 / V

> 1/v additional enhancement 	

(if v small)

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

V = �↵

r
! �↵

r
e�mDr



COULOMB SCATTERING (IN VACUUM)
The Coulomb scattering Schrödinger equation can be solved analitically

 +
k (r) = e⇡/2k�(1� i/k)eik·rF (i/k, 1, ikr � ik · r)

S ⇠ | +
k (0)|

2 =
2⇡

k(1� e�2⇡/k)
' 2⇡

k
=

2⇡↵

v

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

and, since electrons are not paired to a single proton, a factor of n2 appears

�c(e
� + p ! n+ ⌫e) = n2| (0)|2v� ' 2⇡n2↵�

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

giving

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

�c

�b
' 2⇡2↵na3B

1

�3

1

v

�b(e
� + p ! n+ ⌫e) = n| (0)|2v� = nv

1

⇡(a⇤B)
3
� = nv

1

⇡a3B
��3

WSS miss the 
beta factor



IN A PLASMA: DEBYE SCREENING
In a plasma V = �↵

r
! �↵

r
e�mDr

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

Using densities like those quoted in Widom, Swain & Srivastava n~1020 cm-3 and

a = 3.7⇥ 107
✓
T

n

◆1/2

eV�1

where T ~ 5 103 K we get 

�c

�b
' ⇡na3B

1

�3
S0 = ⇡na3B

1

�3

a

a⇤B
= ⇡(na3B)

a

aB

1

�2

thus obtaining 

where we expect at maximum (naB3~1): thus 10/400=0.025 for beta=20! Very far from the 
claimed factor of 500…

a

aB
⇡ 9

S0 ⇠ 1

"
=

a

a⇤B
=

a

aB
�



BUT EVEN WITH NO SCREENING…

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

does not yield 500! Even dropping beta, we are left with 10-3

�c

�b
⇡ 2⇡2↵na3B

1

�3

r
2me

⇡T
⇡ 10�7

N.B. We notice that the WKB approximation breaks down for velocities

v . ↵ (a⇤B/a) = ↵ (aB/a�)

Using n~1020 cm-3 we have a/aB~10 and beta=20, this means v~4*10-5 to be compared 
with the thermal velocity

v '
p
kT/m⇤ = 3⇥ 10�4



MORE PRECISELY

We indicate the points (arrows) where the rate is the WL claimed 	

one, namely 0.56 Hz @ β=20. The density n is in cm-3 higher values are 	

not realistic.
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Log10HnL

G
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G r
ef

In-plasma Sommerfeld enhancement

Realistic plasma region



NEED AN EXPERIMENT



SOME BACKUP SLIDES



OSCILLATION CENTRE FRAME

Assume that A lies in the yz plane and ɸ=0. Define 𝝹 as the components of f in 	

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

p
y

= 
y

� e

c
A

y

p
z

= 
z

� e

c
A

z

p
x

= ��

2
+

m2c2 + 2

2�
� e

c�
 ·A+

e2

2�c2
A2

 = 0 and �2 = m2c2 +
e2

c2
A2

Now we can average over time and compute <pi>. 	

We can choose a reference frame in which all spatial components <pi>=0 	

i.e. the particle is at rest in it on average. This is known as oscillation center frame. 	

The following two conditions on 𝝹 and ɣ are found (to allow <pi>=0)

(OCF)

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

Does fact that there is a relation between ɣ and <A2> implies that the effective 	

mass formula in the previous slide is arbitrary? m⇤ = (f · k)/c



OSCILLATION CENTRE FRAME
Then, writing the instantaneous kinetic momentum using the conditions on f and 
the relation between (f.k) and <A2> one (obviously) obtains the the expected 
squared value of the four-momentum

p
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=
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2�c2
(A2 �A2)
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kµ = (k, k, 0, 0) and Aµ = (0, 0, sin ⇠, 0)

E2 � p2c2 = m2c4

Comes from requiring <pi>=0. 	

Oscillation Center reference system:	

the particle is at reast in it on average.

Again one obtains:

k

µ
= (k, k, 0, 0), A

µ
= (0, 0, sin ⇠, 0), ⇠ = k · x

x = � a

2

8(1 + a

2
/2)

sin 2⇠

y =

a

(1 + a

2
/2)

1/2
cos ⇠



(EP) BOUND STATE
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DIRAC EQ. IN EM PLANE WAVE

The time-averaged momentum  is obtained by computing (here c=1)

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.

One can even go through the Dirac equation in an external em plane wave (set c=1)
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