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1. Fusion reactions short overview
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50.000 eV Barrier

5 fm

Fusion reactions at
the core of the Sun

He*
H

+

H

+

H

H

R

H2 molecule 70 pm

p + p → D +e+ + νe + 0.42MeV
D + D → n + 3He + 3.3 MeV

p + p + e- → D + νe + 1.44MeV

D + D → p + 3T + 4.0 MeV
p + D→ 3He + γ + 5.5 MeV
D = (pn) nucleus

D + D → He + γ + 24 MeV

p + 3He → 4He + e+ + γ+ ν +18.8 MeV
Radioactive!
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Molecular muonium fusion, µ-catalysed fusion known since 1947

5 [fm]

Couloumb barrier is thin,

Reaction is “directional” or “lined up”

frequency of tunnelling is high

Fusion time is less than one nanosecond

f = Evib/h ≈ 1016/s.

µ lifetime is to short to reach beak even
Rd

R [fm]

Rd
R [fm]

He*

H

H

520 fm
Reaction products are the same as in the Sun !
Not drawn to scale
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Profs. Pons and Fleischmann
(Courtesy Univ. of Utah)

2. Palladium-Deuterium

1989

Pons and Fleischmann
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How would scientist start a research on
the possibility of cold fusion in year
2015?

AVS62
62/SRI
AVS

Ultra-dense Hydrogen and Low Energy Nuclear Reactions

University of Iceland School of Natural Science and engineering

Sveinn
Ólafsson
and Leif
Holmlid
Reseach Professor
Sveinn
Ólafsson

Combinatorical Research!
B
A
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Combinatorical Research!
Deuterium

Metalhydride

Driving force
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Deuterium in Palladium
Pd

D2O
and
LiOD

• Disassociation of hydrogen
Electrochemical
cellinto hydrogen atoms
• Diffusion of hydrogen atom within the metal

University of Missouri
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No need to perform the experiment, the results are in
Modest Excess heat 1 - 50W for
varying time span
Helium is detected,
transmutations are detected
Not limited to Pd or Ni
Radioactivity is quenched!
tiny amount of Tritium,
neutrons and protons are
detected

19 conferences since 1989
Small reproducibility possible
with protocols.
JOURNAL OF CONDENSED MATTER
NUCLEAR SCIENCE

www.iscmns.org

LENR-CANR.ORG
The library includes more than 1,000 original
scientific papers reprinted with permission from the
authors and publishers. Bibliography of over 3,500
journal papers, news articles and books about LENR.

www.iccf19.com
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“Nanocracks in Palladium are the active sites in Pd”

Conducts online PdD experiments with 0.4W excess heat or
~1012 fusion events /sec
Review books
Progress report #1- #6

Edmund Storms

lenrexplained.com

Review book 2007

Review book 2014
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Strengths of proofs compared
Higgs discovery bump 2012
200 events/month?
5σ

Storms Helium bump
0.4W ~ 1012 events/sec
10-40 σ ?
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The scientific conclusion of the Combinatorical Research

Something is accidentally created, that causes
“impossible” nuclear reactions
This has been be known for 25 years!
With this simple conclusion it is very strange that it has mostly not be
possible to perfom funded basic research in this field only ineffective
recreational basic reseach has been possible
Basic research has proven over and over to be the lifeline of prac3cal advances in
“science”. Without “funded basic research”, “science” regresses and reverts to
witchcra<.

AVS62
62/SRI
AVS

Ultra-dense Hydrogen and Low Energy Nuclear Reactions

University of Iceland School of Natural Science and engineering
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Nickel - Deuterium ?

Rossi radioactivity free 1.0 MW Nickel-Hydrogen LENR powerplant is in one year engineering
trial in Florida, Patent obtained in USA 2015, report in March 2016?

This investor is chasing a new kind of fusion
Fortune.com

SEPTEMBER 27, 2015, 12:00 PM EDT

A prominent North Carolina investor is backing a
new kind of fusion that operates at much lower
temperatures than thought possible, which would
make it easier to commercialize. So far the early
results show promise.
Tom Darden 10M dollar investment
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Rossi formula Nickel,LiAlH4, Li and Hydrogen isotope
Li

neutron

Ni

Rossi explanation, Neutrons in Li,D? are transmuted by
unknown process over to Nickel at 1400°C
One very recent candidate theory
Nuclear Spallation and Neutron Capture Induced by
Ponderomotive Wave Forcing
Rickard Lundin and Hans Lidgren
Swedish Institute of Space Physics, BKiruna, Sweden 2Le Mirabeau, 2 ave des Citronniers, MC 98000, Monaco

1

But Radioactivity in not suppressed in such theory

AVS 62 /SRI

Ultra-dense Hydrogen and Low Energy Nuclear Reactions
Sveinn Ólafsson and Leif Holmlid

University of Iceland School of Natural Science and engineering

Neutrons or Ultra dense hydrogen?
H

Ni

Li
n

Al

D

O
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4. The Ultra-dense hydrogen

Sveinn Ólafsson and Leif Holmlid

Leif Holmlid 30+ papers 2008-2015
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Publications Leif Holmlid 2015 - 2013
Heat generation above break-even from laser-induced fusion in ultra-dense deuterium
Leif Holmlid
AIP Advances, Volume 5, Issue 8, Pages artikel nr 087129 2015
Charged particle energy spectra from laser-induced processes: nuclear fusion in ultra-dense
deuterium D(0)
Leif Holmlid and Sveinn Ólafsson
International Journal of Hydrogen Energy, accepted 19 Okt 2015
Muon detection studied by pulse-height energy analysis: Novel converter arrangements
Leif Holmlid, Sveinn Olafsson
Review of Scientific Instruments, Volume 86, Issue 8, Pages artikel nr 083306 2015
Spontaneous ejection of high-energy particles from ultra-dense deuterium D(0)
Leif Holmlid, Sveinn Olafsson
International journal of hydrogen energy, Volume 40, Issue 33, Pages 10559-10567 2015
Meissner Effect in Ultra-Dense Protium p(l=0, s=2) at Room Temperature: Superconductivity in
Large Clusters of Spin-Based Matter
Leif Holmlid, S. Fuelling
Journal of Cluster Science, Volume 26, Issue 4, Pages 1153-1170 2015
MeV particles in a decay chain process from laser-induced processes in ultra-dense deuterium D(0)
Leif Holmlid
International Journal of Modern Physics E-Nuclear Physics, Volume 24, Issue 4, Pages artikel 1550026 2015
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Leif Holmlid publications continued
Heat generation above break-even from laser-induced fusion in ultra-dense deuterium
Intense ionizing radiation from laser-induced processes in ultra-dense deuterium D(-1)
Frans Olofson, Leif Holmlid
International Journal of Modern Physics E-Nuclear Physics, Volume 23, Issue 9, Pages 1450050 2014
Ultra-Dense Hydrogen H(-1) as the Cause of Instabilities in Laser Compression-Based Nuclear
Fusion
Leif Holmlid
Journal of Fusion Energy, Volume 33, Issue 4, Pages 348-350 2014
TWO-COLLECTOR TIMING OF 3 14 MeV/u PARTICLES FROM LASER-INDUCED PROCESSES IN ULTRADENSE DEUTERIUM
Leif Holmlid
International Journal of Modern Physics E, Volume 22, Issue 12, Pages artikel nr 1350089 2013
Journal Article, peer-reviewed
Direct observation of particles with energy >10 MeV/u from laser-induced processes with energy
gain in ultra-dense deuterium
Leif Holmlid
Laser and particle beams, Volume 31, Issue 4, Pages 715-722 2013
Excitation levels in ultra-dense hydrogen p(-1) and d(-1) clusters: Structure of spin-based Rydberg
Matter
Leif Holmlid
International Journal of Mass Spectrometry, Volume 352, Pages 1-8 2013
Laser-mass spectrometry study of ultra-dense protium p(-1) with variable time-of-flight energy and
flight length
Leif Holmlid
International Journal of Mass Spectrometry, Volume 351, Pages 61-68 2013
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What is Rydberg atom?
and how do they condense?
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Rydberg atom generation
H
Styrene catalyst Fe2O3:K or similiar
Desorbed H in 1s state

Adsorbed H

Desorbed Rydberg H atom in high
quantum number state
lifetime in ms

Rydberg state
lowest energy state
H2

K dopant atom

Rydberg Matter Clusters: Theory of Interaction and Sorption Properties
Michael I. Ojovan J Clust Sci (2012) 23:35–46 DOI 10.1007/s10876-011-0410-6

distribution of valence electrons is however non-uniform and resembles a foam
mentation
is
to
a
D
atom
+
fragment,
two
equal
fragstructure
[17,large
18] The characteristic
distancesbut
at which
electron–ion
interaction
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ments of large clusters
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excited atoms are empty. Because of that RM valence electrons can be captured
states e.g. allowing electrons to recombine to lower energy states.
above and in Table I. toSuchthosekindsinnerof events
lead to deexcitation and final disintegration of RM [6].
Interaction of a highly excited valence electron with RM ions and electrons of the
The distance d forsystem
D(1)
and D(3) is given by
can be described using the pseudopotential concept [1, 2]. Fermi was the first

Rydberg matter Frozen plasma?
who analysed motion of electrons in highly excited atoms taking into account their

2
a
,
d
=
2.9
n
0
B
ry of Interaction and Sorption Properties

interactions with surrounding atoms where he suggested the pseudopotential
concept [19]. Fermi has also noted that it is not necessary to know all details of the
scattering potentials since there are many effective interaction potentials, which
39 to similar scattering events. This concept yet
reproduce the phase shifts and yield
modified is currently applied to effectively describe many quantum–mechanical
systems [20–22]. RM valence electrons interact both with ions and their core
electrons, and other valence electrons. The interactions with ions and core electrons
can be described using a smooth potential, corresponding to interaction forces
smoothly changing with distance
at large distances from ions which are
2D hexagonal
characteristic to RM due to its low density. RM valence electrons spend almost
all time far from ionic cores with classical orbit radii increasing as the second power

(2)

where nB is the Bohr model principal quantum number for the
electron in the atom equal to 1 or 3, and a0 is the Bohr radius
equal to 52.9 pm. The factor 2.9 is found both from theory12
and with higher precision from rotational spectroscopy of RM
clusters.24, 25 For RM with nB =3 or above, the ions leaving the
CE are easily neutralized by picking up nearly resonant conduction band electrons from the RM phase. These Rydberg
species are easily field ionized by the weak electric field in
the detector. The typical KER for D(1) is 9.4 eV, while for
D(3) the KER is 1.04 eV.26
Fig. 1 Distribution of valence
electrons in RM resembles the
structure of a foam. Valence
electrons form an ‘‘electronic
foam’’ or bubble sea with cells
which are essentially empty. RM
ions are vibrating in the centres
of electronic cells. The effective
interaction potential for RM
electrons along line A–B is
shown in Fig. 4

2 Schematic of an electron-confining well resulting from exchange–correlation interactions in RM
r [29])

Any cluster structure is possible

Amorphous
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of 100 µm is heated by an ac current though its wall. The
tance for the ions from the laser focus to the catcher foil is
upper end of the 20 mm diameter tube passing the vacuum
101and
mm, Low
as foundEnergy
by direct measurement
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potential.
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bration (see Sec. V). Sveinn
The photomultiplier
(PMT)
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clamp and supported thick flexible Cu cables which supply
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Tubes 9128B with single electron rise time of 2.5 ns and
the ac current. This clamp which also tightens the Pt tube
transit time of 30 ns. Blue glass filters in front of the PMT
against the emitter holder tube is seen in Fig. 2. The curdecrease the pulsed laser light signal observed by the PMT
rent through
the tube
is up
28 A, at a total
of 22 W.deuterium
Efficient
source
for
thetoproduction
ofpower
ultradense
D(-1)
for laser-induced
fusion
(ICF)
strongly.
The
signal
from
the
PMT
is
collected
by a multiThe D2 gas is heated in the tube to a temperature higher than
channel scaler (EG&G Ortec Turbo-MCS) with preamplifier.
the emitter.OF
TheSCIENTIFIC
main heat lossINSTRUMENTS
from the source is2011
through the
REVIEW
The dwell time per channel used here is 5 ns. Each spectrum
Patrik U. Andersson, Benny Lönn, and Leif Holmlida)
of aSweden
sum of the fragment signals from 500 or 250 laser
Atmospheric Science, Department of Chemistry, University of Gothenburg, SE-412 consists
96, Göteborg,
shots.013503-2 Andersson, Lönn, and Holmlid

Cu
tem
IV. RESULTS
Vacuum
window
1 cm
28
Tube
The TOF spectra shown in the figures are interpreted inuse
PMT
can
1–8
Predicted
valthe same way as done previously
for
D(-1).
Filter
ber
ues for the TOF for different cluster sizes and different frag-mit
D2
Scintillator
mentation patterns
are given in Table I. Several entries thereThe
flowfor comparison and checking purposes and are5 ×
are included

not always
observed. InDynode
the final column in the table, the numCurrent
bers clamp
are given of the figures where the corresponding TOFIII.
peaks are observed. A short description of the background for
x
Emitterexplosion
the Coulomb
fragmentation processes is given inthe
Catcher foil
the discussion.
AN

lon
cus
UH
A. Start
source
FIG. 1. of
Cutthe
through
source with detector at 90o toward the laser beam. Fast
nall
particles form the laser fragmentation hit the catcher foil. The source can be
FIG. 2. (Color online) Photo of the emitter and the lower part of the source.
In
3,thea laser
newfocus
experiment
several dayscalc
tiltedFig.
around
and moved up is
andshown,
down in theafter
chamber.
The copper block and the cables carry the heating current to the lower end of
with no D2 feed. In the two first spectra (from the bottomstop
the Pt tube.
ad
2 3
in d
possible by controlled tilting of the 20 mm diameter gas feed
her
tube by three external micrometer screws relative to the comDownloaded 28 Aug 2013 to 130.236.171.186. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://rsi.aip.org/about/rights_and_permissions
bea
pressed Viton o-ring seal in the vacuum wall. Most imporno
tant is that the source can be moved in the vertical direction

Laser beam

Styrene catalyst Fe O :K
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Time of flight analysis
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Cluster breakup
013503-3

2

Andersson, Lönn, and Holmlid

14
Rev. Sci. Instrum. 82, 013503 (2011)

TABLE I. Asymmetric and symmetric fragmentation of D(-1) clusters with flight times in the present experiments. The symmetric case 6(3+) contains a few
different processes not treated in detail here.
Total charge
Asymmetric
2

3

Symmetric
2

3

Total cluster mass

Name

t1 (ns)

t2 (ns)

16
14
12
10
8
6
16
14
12
10
8

2↔14
2↔12
2↔10
2↔8
2↔6
2↔4
2↔14 (2+)
2↔12 (2+)
2↔10 (2+)
2↔8 (2+)
2↔6 (2+)

440
445
451
460
475
504
311
314
319
325
336

3080
2667
2254
1841
1486
1008
2178
1886
1594
1302
1008

40
36
32
28
24
20
16
12
8
4
6

20↔20
18↔18
16↔16
14↔14
12↔12
10↔10
8↔8
6↔6
4↔4
2↔ 2
6(3+)

1841
1746
1646
1540
1426
1302
1164
1008
823
582
≈ 412

1841
1746
1646
1540
1426
1302
1164
1008
823
582
≈ 412

t3 (ns)

Figures

3,4,9
3,4,6,7
7,8,9,10
3,7,9
3,6,7,8,9,10
8

6
3,7,8
4,6,9,10
8
6,8

≈ 412

3,4,7,9,10
10
3,4,6,7,8,9,10

Sig

Time
involve only an6(3+)excitation (displacement) of the shielding
AVS 62 /SRI
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and higher
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electrons
from Ultra-dense
the conduction
band into
localized
0 mm
20
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14<->2
(nonshielding) orbitals in the material. The potential energy
0
6<->2
between the two exposed
charges is

There
should
be
no
peaks
here!
0
Ultra dense Hydrogen
0
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0.0
e2
Time-of-flight (µs)
,
(1)
W =
ε0 the
d laser beam a total distance of 0.4 mm, and then moved down again. The results are interpreted with the help of the
FIG. 4. The source tube is lifted4π
up from
sketch in Fig. 5. At a distance of 0.4 mm from the emitter, no D(-1) is observed but only higher excitation levels D(1) and D(3).

The CE fragmentation processes in the material
where
d byislaser
theprobing
distancesurfaces
between
the two
ions. This energy is
D(-1)
indicate
a common
KER ofon630
eV. This
FIG. 10. A TOF
but
can be
observed
mounted
C. Deuterium gas supply
transformed
almost
to kinetic
energy between the
closely
the emitter. This
will be
reported
in pm,
full elsemeansbelow
an interatomic
distance
of completely
2.3 ± 0.1
from
In Fig. 6, an experiment is shown where ments
the D2 gas
feedthe p
where.

was repulsion.
turned off after The
a few hours
of experiment. Only the sigtwo ionic fragments during their mutual
kinetic
nal from D(-1) is shown. Each spectrum took approximately
energy release (KER) sometimes appears
mainly as kinetic
3 min. After 15 min with no gas feed, in the middle of the
positively
spectra,cluster.
the fast D(-1)
to decrease cha
energyEmitter
in one light fragment, ejected sequence
from aoflarge
Forpeaks start
strongly in intensity. At the same time, the slow peaks due to
the same met
D(-1), the KER is often observed as kinetic
energy
in two CE
difthe slightly
larger asymmetric
fragments also disappear.
(Theseofpeaks
probably delayed
excita- fo
the catcher
D(3)relative masses
ferent fragments, and the
theare
fragments
willdue to rotational
tion, description to be submitted.) The TOF peaks in the later
for calibration
determine
their fraction of the KER. Calculations
ofaresuch
part of the experiment
insteadendue to symmetric fragmenD(-1)
mm for the interpretation
tation of large clusters,
with
few small fragments
D(-1)released.
without
ergy fractionation are 0.1
used
of
the
results
0.2 mm
Thus, the buildup process of D(-1) with small clusters and
0.3 mm
here.
atoms attached to the larger clusters appears topreviously,
be interrupted. gi
D(1)
0.4 mm
The the
symmetric
fragmentation
stable clusters
seen in Fig.
different
peak
The CE fragmentation
material
D(-1)ofinLaser beamprocesses 4in
conclude that
1, 2, 5is observed also here. It is not possible tocalibration,
position
an ofinterdicateViewed
a common
region KER of 630 eV. D(1)This
starts tomeans
form instead
D(-1), since all intensity ob- an
served
stillof
seems
to be due to D(-1). After renewed
D2 admisInternal
check
atomic
distance
of
2.3
±
0.1
pm,
a
factor
approximately
FIG. 5. (Color online) The laser beam position in the cloud below the emitter
sion, the fast D(-1) peaks did not reappear within 1 h. Thus,
is shown for the data in Fig. 4. The approximate regions in space for different
been done.
65 smaller
than
in D(1). In the case oftheD(-1),
typical
fragfast TOFthe
peaks
around 500
ns are not characteristic
of Fo
forms of condensed
deuterium are
indicated.

plasma expansion, including evaporation and radiation. While
the previous study [7] mainly investigated the properties in phase
1 above, the present study is mainly concerned with phase 3, thus
the interaction during the laser pulse.

AVS 62 /SRI

metal tube which is connected to the D2 gas feed. The source metal
tube is heated by an AC current through its wall up to 400 K. Deuterium gas (>99.8% D2) is admitted through the source at a pressure up to 1 " 10!5 mbar in the chamber. The D(!1) formed falls
down as clusters to a plate below the source. The D(!1) phase is
at a slightly lower energy level than D(1) [10], which means that
it will be formed spontaneously. On the plate which is sloping at
45! angle towards the horizontal, a foil of the surface material under test is mounted. A Nd:YAG laser with an energy of <200 mJ per
each 5 ns long pulse at 10 Hz is used at 532 nm. The laser beam is
focused at the test surface with an f = 400 mm spherical lens. The
intensity in the beam waist of (nominally) 30 lm diameter is relatively low, 64 " 1012 W cm!2 as calculated for a Gaussian beam.
Two different types of experiment have been done to study the
efficiency of the laser-induced fusion on various materials. One of
these is here called delayed TOF (time-of-flight), and employs a
scintillator-PMT (photomultiplier) detector at a distance of
112 cm from the center of the apparatus. The 5 cm thick plastic
scintillator (BC-408, Saint-Gobain Crystals) has an entrance area
of 20 " 26 mm2 for the particle flux from the laser focus. The photomultiplier (PMT) is Electron Tubes EMI 9813B with single electron rise time of 2 ns and transit time of 46 ns. Blue glass filters
in front of the PMT decrease the observed laser signal. The cathode
of the PMT is covered by a light-tight Al foil and black plastic tape,
leaving only 1 mm2 open for the impinging light to decrease the
very high signal. The signal is normally observed on a fast,
300 MHz digital oscilloscope with or without a fast preamplifier.
Many experiments have also employed pulse counting and a fast
multi-channel scaler with 5 ns time bins. Two different construction parts in the particle beam to this detector are used to block
low-energy particles or delay high-energy particles as shown in
Fig. 2. The inner one (closest to the target) is a box of stainless steel
plate. The entrance slit to this box is at a distance of approximately
73 mm from the center. Closer to the detector, at a distance of
64 cm from the target, a beam-flag with 2–3 Al foils (each 15 lm
thick) can be moved into the beam or completely out from the
beam. By moving these two blocking items, the signal to the detec-
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2. Theory
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Ultra-dense deuterium D(!1) has been investigated experimentally in our laboratory in a large number of published studies
[1,2,8–11,23,24]. The observed kinetic energy release of up to
630 eV corresponds to a bond distance of 2.3 ± 0.1 pm in the
D(!1) clusters under normal conditions [8,9] . Experiments even
show a D–D distance down to 2.14 ± 0.03 pm in equilibrium at
room temperature [11]. Due to the extremely high density of
D(!1), of the order of 1029 cm!3 (140 kg cm!3) this material is believed to be very useful as target material for inertial confinement
fusion (ICF) using intense pulsed lasers [8,9,25]. The best description of D(!1) so far is that it is an inverted or contracted form of
the dense (metallic) form D(1). This is based on the general ideas
of dense hydrogen materials by Ashcroft and other authors
[26,27]. The D–D values found in the experiments are close to
the theoretically expected distance for an inverted D(!1) material
of d!1 = (me/mD)1/2 d1 equal to 2.5 pm [8]. Only hydrogen isotope
atoms should give an ultra-dense material form, since the inner
electrons in all other atoms will prevent the formation of such a
material. A similar ultra-dense protium material called p(!1) or
H(!1) also exists [28].
D(1) and D(!1) are probably the two lowest excitation levels of
deuterium Rydberg Matter (RM) [29–31]. For a recent review of
RM, see Ref. [32]. The energy level of D(!1) is slightly lower than
that of D(1) [10]. These condensed deuterium forms are more complex than ordinary RM since they are quantum materials. The only
good quantum numbers in RM in general are the orbital quantum
number l and electron and nuclear spin quantum numbers. This is
also the case for D(!1), where the spin quantum numbers seem to
be most important. The interconversion between D(1) and D(!1) is
facile and even gives an oscillation between these two forms of
matter [9]. Further details of the conversion are given in Ref.
[23]. The experiments show that the D(!1) clusters have the form
D2N, with N an integer. This shape is shown Fig. 1.
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3. Experimental

The apparatus has been described in several publications, for
example in [3,33]. It has a base pressure <1 " 10!6 mbar. The layout of the setup used is shown in Fig. 2. The central source part has
been described separately [10]. The emitter in the source is a cylindrical (extruded) sample of an industrial iron oxide catalyst doped

Focusing
lens

Laser
beam

Detector

Beam-flag
and collector

Horizontal cut

D(-1) source above
laser target
Valve
Inner
plate box

Vertical cut

Beam
dump

PMT
Filter

Al foil and tape

Scintillator

Fig. 1. Shape of the chain or ‘‘bead’’ clusters D2N forming the superfluid phase
D(!1). Each pair D2 revolves around their common center of mass where the
electrons also are centered.

Fig. 2. Schematic horizontal cut of the apparatus, showing the details of the
scintillator-PMT detector.
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between the surface and deuterium, (4) interaction during the
plasma expansion, including evaporation and radiation. While
the previous study [7] mainly investigated the properties in phase
1 above, the present study is mainly concerned with phase 3, thus
the interaction during the laser pulse.
2. Theory

catalyst. The emitter is mounted in the tight-fitting opening of a
metal tube which is connected to the D2 gas feed. The source metal
tube is heated by an AC current through its wall up to 400 K. Deuterium gas (>99.8% D2) is admitted through the source at a pressure up to 1 " 10!5 mbar in the chamber. The D(!1) formed falls
down as clusters to a plate below the source. The D(!1) phase is
at a slightly lower energy level than D(1) [10], which means that
it will be formed spontaneously. On the plate which is sloping at
45! angle towards the horizontal, a foil of the surface material under test is mounted. A Nd:YAG laser with an energy of <200 mJ per
each 5 ns long pulse at 10 Hz is used at 532 nm. The laser beam is
focused at the test surface with an f = 400 mm spherical lens. The
intensity in the beam waist of (nominally) 30 lm diameter is relatively low, 64 " 1012 W cm!2 as calculated for a Gaussian beam.
Two different types of experiment have been done to study the
efficiency of the laser-induced fusion on various materials. One of
these is here called delayed TOF (time-of-flight), and employs a
scintillator-PMT (photomultiplier) detector at a distance of
112 cm from the center of the apparatus. The 5 cm thick plastic
scintillator (BC-408, Saint-Gobain Crystals) has an entrance area
of 20 " 26 mm2 for the particle flux from the laser focus. The photomultiplier (PMT) is Electron Tubes EMI 9813B with single electron rise time of 2 ns and transit time of 46 ns. Blue glass filters
in front of the PMT decrease the observed laser signal. The cathode
of the PMT is covered by a light-tight Al foil and black plastic tape,
leaving only 1 mm2 open for the impinging light to decrease the
very high signal. The signal is normally observed on a fast,
300 MHz digital oscilloscope with or without a fast preamplifier.
Many experiments have also employed pulse counting and a fast
multi-channel scaler with 5 ns time bins. Two different construction parts in the particle beam to this detector are used to block
low-energy particles or delay high-energy particles as shown in
Fig. 2. The inner one (closest to the target) is a box of stainless steel
plate. The entrance slit to this box is at a distance of approximately
73 mm from the center. Closer to the detector, at a distance of
64 cm from the target, a beam-flag with 2–3 Al foils (each 15 lm
thick) can be moved into the beam or completely out from the
beam. By moving these two blocking items, the signal to the detec-
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Ultra-dense deuterium D(!1) has been investigated experimentally in our laboratory in a large number of published studies
[1,2,8–11,23,24]. The observed kinetic energy release of up to
630 eV corresponds to a bond distance of 2.3 ± 0.1 pm in the
D(!1) clusters under normal conditions [8,9] . Experiments even
show a D–D distance down to 2.14 ± 0.03 pm in equilibrium at
room temperature [11]. Due to the extremely high density of
D(!1), of the order of 1029 cm!3 (140 kg cm!3) this material is believed to be very useful as target material for inertial confinement
fusion (ICF) using intense pulsed lasers [8,9,25]. The best description of D(!1) so far is that it is an inverted or contracted form of
the dense (metallic) form D(1). This is based on the general ideas
of dense hydrogen materials by Ashcroft and other authors
[26,27]. The D–D values found in the experiments are close to
the theoretically expected distance for an inverted D(!1) material
of d!1 = (me/mD)1/2 d1 equal to 2.5 pm [8]. Only hydrogen isotope
atoms should give an ultra-dense material form, since the inner
electrons in all other atoms will prevent the formation of such a
material. A similar ultra-dense protium material called p(!1) or
H(!1) also exists [28].
D(1) and D(!1) are probably the two lowest excitation levels of
deuterium Rydberg Matter (RM) [29–31]. For a recent review of
RM, see Ref. [32]. The energy level of D(!1) is slightly lower than
that of D(1) [10]. These condensed deuterium forms are more complex than ordinary RM since they are quantum materials. The only
good quantum numbers in RM in general are the orbital quantum
number l and electron and nuclear spin quantum numbers. This is
also the case for D(!1), where the spin quantum numbers seem to
be most important. The interconversion between D(1) and D(!1) is
facile and even gives an oscillation between these two forms of
matter [9]. Further details of the conversion are given in Ref.
[23]. The experiments show that the D(!1) clusters have the form
D2N, with N an integer. This shape is shown Fig. 1.
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3. Experimental
The apparatus has been described in several publications, for
example in [3,33]. It has a base pressure <1 " 10!6 mbar. The layout of the setup used is shown in Fig. 2. The central source part has
been described separately [10]. The emitter in the source is a cylindrical (extruded) sample of an industrial iron oxide catalyst doped
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Heat generation above break-even from laser-induced fusion in ultra-dense
deuterium
Leif Holmlid AIP Advances, Volume 5, Issue 8, Pages artikel nr 087129 2015

Calorimetry confirms
break even fusion

But is this only fusion ?
There is more to this
FIG. 1. Principle of the copper (Cu) cylinder setup. The temperature is read from the resistance of an NTC resistor fastened
to the outer surface of the Cu cylinder as shown in the left-hand figure. The chamber is pumped continuously at the deuterium
pressure of  1.0 mbar. No heat (left figure) is used in most experiments, while the highest gain is found for the construction
to the right where D(0) from a slightly heated source is collected on the Cu surface.
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FIG. 1. Cut through source with detector at 90o toward the laser beam. Fast
particles form the laser fragmentation hit the catcher foil. The source can be
tilted around the laser focus and moved up and down in the chamber.

Target contains catalyst
that increases and maintains
the D(0), p(0) phase

possible by controlled tilting of the 20 mm diameter gas feed
tube by three external micrometer screws relative to the compressed Viton o-ring seal in the vacuum wall. Most important is that the source can be moved in the vertical direction
in a controlled way by rotation of support screws. The lower
metal (Pt) tube with 6 mm outer diameter and wall thickness
of 100 µm is heated by an ac current though its wall. The
upper end of the 20 mm diameter tube passing the vacuum
wall is at zero potential. The lower end is connected to a Cu
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Nuclear particle decay in a multi-MeV beam ejected by pulsed-laser impact on
ultra-dense hydrogen H(0)
Leif Holmlid International Journal of Modern Physics E Vol. 24, No. 11 (2015) 1550080

Meson chain and conservation of energy
Just
published
by
Leif Holmlid
Total rate estimation
107-1010 s-1

DN(0) →···→···→ K± → π± → μ±
→ e±
Nx4x938MeV →···→···→ 493MeV → 139MeV → 105MeV → 0. 511MeV
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Nuclear particle decay in a multi-MeV beam

These particles with narrow MeV energy distributions
are formed by stepwise decay from particles like HN
(0). The main result is that a decaying particle flux is
formed by the laser-induced processes. The final
muons produced may be useful for muon catalyzed
fusion.
The difference observed between the signals for D(0) and p(0)
is intriguing. The kaon KL0 may be formed in this case of
p(0) instead of K± in the case of D(0). This could mean that a
down quark replaces an up quark in the laser-induced
processes in p(0) relative to D(0).
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These results show directly that the signal at long
distance is mainly due to a mixture of intermediate
particles formed by decay in the beam. The decaying
signals have time constants of approximately 12 and
26 ns for ultra-dense deuterium D(0) and 52 ns for
ultra-dense protium p(0). These decay time constants
agree well with those for decay of light mesons.
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Fig. 7. Matching of an intermediate particle from D(0) with Eq. (3) to the signal decay in
Fig. 6(c), second collector signal, bias −50 V, first collector open.

or diﬀerences in the±
time of ejection from the
target. Of course, a delay is
±
±
DN(0) →···→···→ K± → exist,
π
→
μ
→
e
included in the calculations in Figs. 8 and 9, lower panel as can be seen directly in
the figures.
The signal at→
the third
collector with →
the first0.
collector
closed in Fig. 4(e) shows
Nx4x938MeV →···→···→ 493MeV → 139MeV
105MeV
511MeV
a special oscillatory behavior. This behavior was reproduced identically in a second
experiment and also in other later experiments with a slightly diﬀerent setup. The
reason for the oscillations is probably lepton pair formation by MeV neutral particle
impact.25 At a low voltage on the collector, the ratio between positive and negative
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Meson chain and conservation of energy
Only two possibilities
Coherent multibody fusion
Proton/deuteron to Meson spallation
Quantum entanglement needed
DN(0) →···→···→ K± → π± → μ±
→ e±
Nx4x938MeV →···→···→ 493MeV → 139MeV → 105MeV → 0. 511MeV
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that of D(1) [10]. These condensed deuterium forms are more complex than ordinary RM since they are quantum materials. The only
good quantum numbers in RM in general are the orbital quantum
number l and electron and nuclear spin quantum numbers. This is
also the case for D(!1), where the spin quantum numbers seem to
be most important. The interconversion between D(1) and D(!1) is
facile and even gives an oscillation between these two forms of
matter [9]. Further details of the conversion are given in Ref.
[23]. The experiments show that the D(!1) clusters have the form
D2N, with N an integer. This shape is shown Fig. 1.
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3. Experimental
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The apparatus has been described in several publications, for
example in [3,33]. It has a base pressure <1 " 10!6 mbar. The layout of the setup used is shown in Fig. 2. The central source part has
been described separately [10]. The emitter in the source is a cylindrical (extruded) sample of an industrial iron oxide catalyst doped
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with K (initially at 8 wt.%) [34,35]. It is of the styrene catalyst type
including absorption and heating due to the laser pulse, (3)
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interaction during the laser pulse, including chemical interaction
between the surface and deuterium, (4) interaction during the
plasma expansion, including evaporation and radiation. While
the previous study [7] mainly investigated the properties in phase
1 above, the present study is mainly concerned with phase 3, thus
the interaction during the laser pulse.

Rate of barrier crossing as function of distance R

Simple Tunnelling fusion rate model for
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2. Theory

Coulomb potential

Shell S-105 which is an efficient hydrogen abstraction and transfer
catalyst. The emitter is mounted in the tight-fitting opening of a
metal tube which is connected to the D2 gas feed. The source metal
tube is heated by an AC current through its wall up to 400 K. Deuterium gas (>99.8% D2) is admitted through the source at a pressure up to 1 " 10!5 mbar in the chamber. The D(!1) formed falls
down15
as clusters to a plate below the source. The D(!1) phase is
at a slightly lower energy level than D(1) [10], which means that
it will be formed spontaneously. On the plate which is sloping at
45! angle towards the horizontal, a foil of the surface material under test is mounted. A Nd:YAG laser with an energy of <200 mJ per
each 5 ns long pulse at 10 Hz is used at 532 nm. The laser beam is
focused at the test surface with an f = 400 mm spherical lens. The
intensity in the beam waist of (nominally) 30 lm diameter is rela10
tively low, 64 " 1012 W cm!2 as calculated for a Gaussian beam.
Two different types of experiment have been done to study the
efficiency of the laser-induced fusion on various materials. One of
these is here called delayed TOF (time-of-flight), and employs a
scintillator-PMT (photomultiplier) detector at a distance of
112 cm from the center of the apparatus. The 5 cm thick plastic
scintillator (BC-408, Saint-Gobain Crystals) has an entrance area
of 20 " 26 mm2 for the particle flux from the laser focus. The pho5
tomultiplier (PMT) is Electron Tubes EMI 9813B with single electron rise time of 2 ns and transit time of 46 ns. Blue glass filters
in front of the PMT decrease the observed laser signal. The cathode
of the PMT is covered by a light-tight Al foil and black plastic tape,
leaving only 1 mm2 open for the impinging light to decrease the
very high signal. The signal is normally observed on a fast,
300 MHz digital oscilloscope with or without a fast preamplifier.
Many experiments have also employed pulse counting and a fast
0
multi-channel scaler with 5 ns time bins. Two different construction parts in the particle beam to this detector are used to block
low-energy particles or delay high-energy particles as shown in
Fig. 2. The inner one (closest to the target) is a box of stainless steel
plate. The entrance slit to this box is at a distance of approximately
73 mm from the center. Closer to the detector, at a distance of
64 cm from the target, a beam-flag with 2–3 Al foils (each 15 lm
thick)−5
can be moved into the beam or completely out from the
beam. By moving these two blocking items, the signal to the detec-
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Ultra-dense deuterium D(!1) has been investigated experimentally in our laboratory in a large number of published studies
[1,2,8–11,23,24]. The observed kinetic energy release of up to
630 eV corresponds to a bond distance of 2.3 ± 0.1 pm in the
D(!1) clusters under normal conditions [8,9] . Experiments even
show a D–D distance down to 2.14 ± 0.03 pm in equilibrium at
room temperature [11]. Due to the extremely high density of
D(!1), of the order of 1029 cm!3 (140 kg cm!3) this material is believed to be very useful as target material for inertial confinement
fusion (ICF) using intense pulsed lasers [8,9,25]. The best description of D(!1) so far is that it is an inverted or contracted form of
the dense (metallic) form D(1). This is based on the general ideas
of dense hydrogen materials by Ashcroft and other authors
[26,27]. The D–D values found in the experiments are close to
the theoretically expected distance for an inverted D(!1) material
of d!1 = (me/mD)1/2 d1 equal to 2.5 pm [8]. Only hydrogen isotope
atoms should give an ultra-dense material form, since the inner
electrons in all other atoms will prevent the formation of such a
material. A similar ultra-dense protium material called p(!1) or
H(!1) also exists [28].
D(1) and D(!1) are probably the two lowest excitation levels of
deuterium Rydberg Matter (RM) [29–31]. For a recent review of
RM, see Ref. [32]. The energy level of D(!1) is slightly lower than
that of D(1) [10]. These condensed deuterium forms are more complex than ordinary RM since they are quantum materials. The only
good quantum numbers in RM in general are the orbital quantum
number l and electron and nuclear spin quantum numbers. This is
also the case for D(!1), where the spin quantum numbers seem to
be most important. The interconversion between D(1) and D(!1) is
facile and even gives an oscillation between these two forms of
matter [9]. Further details of the conversion are given in Ref.
[23]. The experiments show that the D(!1) clusters have the form
D2N, with N an integer. This shape is shown Fig. 1.
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example in [3,33]. It has a base pressure <1 " 10!6 mbar. The layout of the setup used is shown in Fig. 2. The central source part has
been described separately [10]. The emitter in the source is a cylindrical (extruded) sample of an industrial iron oxide catalyst doped
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6. Summary
1. Ultra dense hydrogen can be the source of all or part of Cold fusion
LENR related phenomena.
2. Laser induced fusion in Ultra dense hydrogen seemingly produces
mesons, possibly in a proton or neutron meson spallation process.
(Full 4π calorimetric high energy particle detection exp. needed)
3. If confirmed, such process releases similar or higher energy than
fission of Uranium 200MeV.
4. Rossi Ni-H product commercialized 2016?
5. Limited energy system disruption starts 2016 and takes 5-20 years?
6. Funded basic research in cold fusion starting 2016-2017?
7. Full scale energy system disruption possible 2020-2030?
8. Theory possible 2017-2019?
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FIG. 1. Detector part from vacuum components. The PMT part and the PS
part are indicated. Without the PS part, a metal blind flange is used to close
the tube.

Rev. Sci. Instrum. 86, 083306 (2015)

FIG. 2. A 137Cs probe at the PMT with no metal flange. The approximate
Kurie plot shows the zero signal intercept at 170 channels corresponding to
Q = 512 keV.

PMT was analyzed after recording by a fast digital oscilloscope (Tektronix TDS 3032, 300 MHz). A GM detector
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