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Leif Holmlid in his lab at Gothenburg University

2.3 ± 0.1 pm!

Ultra-dense Hydrogen
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L. Holmlid, “Crossed molecular beam alkali - alkali halide chemical scattering: Apparatus, surface 
ionization detection and absolute measurements of cross sections”. 
Ph.D. Thesis, Physical Chemistry, University of Göteborg 1973. 

240 Surface Science 
Publications since 1973 
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Rydberg atom (n,l,m)

(5,0,0)    (5,4,0)      (5,4,4)

Radiative lifetime goes as n5
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Just out in Physica Scripta as manuscript!
Ultradense protium p(0) and deuterium D(0) and their relation to ordinary Rydberg matter: a review
Leif Holmlid and Sindre Zeiner-Gundersen https://doi.org/10.1088/1402-4896/ab1276

https://doi.org/10.1088/1402-4896/ab1276


Rydberg atom condensation into Rydberg matter 

da

0.2 eV bonding per state possible if  d ≈ 2.9aDimer  state  is unstable 

Theory of the condensed state in a system of excited atoms 
E.A. Manykin, M.I. Ozhovan and P.P. Poluektov Zh. Eksp. Teor. Fiz. 84, 442‐453 1983

Conditions for forming Rydberg matter: condensation of Rydberg states in the gas phase versus at 
surfaces Leif Holmlid Journal of Physics: Condensed Matter, Volume 14, Number 49 2002
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159 pm

http://iopscience.iop.org/journal/0953-8984
http://iopscience.iop.org/volume/0953-8984/14
http://iopscience.iop.org/issue/0953-8984/14/49


Rydberg matter  types
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Rydberg matter a frozen plasma state?

2D hexagonal

159 pm

Nuclei Nuclei

Conditions for forming Rydberg matter: condensation of Rydberg states in the gas phase versus at 
surfaces Leif Holmlid  2002  Journal of Physics: Condensed Matter, Volume 14, Number 49
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http://iopscience.iop.org/journal/0953-8984
http://iopscience.iop.org/volume/0953-8984/14
http://iopscience.iop.org/issue/0953-8984/14/49


Adsorbed H

Desorbed H in 1s state

K dopant atom 

Desorbed Rydberg H atom in high 
quantum number state 

lifetime in ms
for example l = 7, m = ± 6

Rydberg state 
lowest energy state

H2

Styrene catalyst Fe2O3:K or similiar 

Rydberg state 
formation

Surface catalytic process of formation of Rydberg matter
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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.

possible by controlled tilting of the 20 mm diameter gas feed
tube by three external micrometer screws relative to the com-
pressed Viton o-ring seal in the vacuum wall. Most impor-
tant 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
clamp and supported thick flexible Cu cables which supply
the ac current. This clamp which also tightens the Pt tube
against the emitter holder tube is seen in Fig. 2. The cur-
rent through the tube is up to 28 A, at a total power of 22 W.
The D2 gas is heated in the tube to a temperature higher than
the emitter. The main heat loss from the source is through the

FIG. 2. (Color online) Photo of the emitter and the lower part of the source.
The copper block and the cables carry the heating current to the lower end of
the Pt tube.

Cu clamp and cables. It is estimated that the highest emitter
temperature at the center of the Pt tube is 475 K (200 ◦C) at
28 A. In the results section, the current through the source is
used as parameter since no definite temperature of the source
can be specified. The base pressure in the vacuum cham-
ber is <1 × 10−6 mbar. Deuterium gas (>99.8% D2) is ad-
mitted at a pressure in the chamber up to 1 × 10−5 mbar.
The flow rate through the external needle valve is close to
5 × 10−2 mbar dm3 s−1.

III. ANALYSIS

The methods used for the analysis of the material leaving
the source have been described in several publications.1, 2, 23

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 fo-
cused with an f=400 mm spherical lens at the center of the
UHV chamber. The intensity in the beam waist of (nomi-
nally) 70 µm diameter is relatively low, ≤1012 W cm−2 as
calculated for a Gaussian beam. The diverging laser beam
stops in a beam dump at the chamber wall. The detector is
a dynode-scintillator-photomultiplier setup that is described
in detail elsewhere23 and shown in Fig. 1. The detector is
here located at an angle of 60o from the incoming laser
beam and measures the TOF spectra of neutral particles since
no accelerating voltage is employed. The fast particles im-
pact on a stainless steel foil in the detector, and fast ions
ejected from there are drawn toward a Cu-Be dynode held
at −7.0 kV inside the detector. The total effective flight dis-
tance for the ions from the laser focus to the catcher foil is
101 mm, as found by direct measurement and internal cali-
bration (see Sec. V). The photomultiplier (PMT) is Electron
Tubes 9128B with single electron rise time of 2.5 ns and
transit time of 30 ns. Blue glass filters in front of the PMT
decrease the pulsed laser light signal observed by the PMT
strongly. The signal from the PMT is collected by a multi-
channel scaler (EG&G Ortec Turbo-MCS) with preamplifier.
The dwell time per channel used here is 5 ns. Each spectrum
consists of a sum of the fragment signals from 500 or 250 laser
shots.

IV. RESULTS

The TOF spectra shown in the figures are interpreted in
the same way as done previously for D(-1).1–8 Predicted val-
ues for the TOF for different cluster sizes and different frag-
mentation patterns are given in Table I. Several entries there
are included for comparison and checking purposes and are
not always observed. In the final column in the table, the num-
bers are given of the figures where the corresponding TOF
peaks are observed. A short description of the background for
the Coulomb explosion fragmentation processes is given in
the discussion.

A. Start of the source

In Fig. 3, a new experiment is shown, after several days
with no D2 feed. In the two first spectra (from the bottom
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Bond length experiments with Time of Flight mass spectroscopy
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1. Low Kinetic energy (630 eV/u) release results



Time of flight analysis

+

Possible cluster breakups are many.

For example cluster of mass 16 can break up  (2 < > 1)   4 < > 12  … 

and so on for other total masses.
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µsec
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1. Low Kinetic energy 
(630 eV/u) release 

results



There should be no peaks here!

2.3 pm bond distance!

µsec

H2 molecule 72 pm bond distance!
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Leif Holmlid High Kinetic energy (MeV/u) release results
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Fast kinetic energy release flight signal
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H(0) (protons,deuterons) are transformed !      into

μ± Muons → e± electrons
K± kaons → π± pions.   → μ± muons → e±.   electrons

LH high kinetic energy release interpretation
Leif assumes high mass therefore particles with MeV energy are observed, 
not electrons: 50 KeV energy

Observed decay time similar to:
K-mesons:13 ns
π -mesons : 26 ns
Muons : 2,2 us
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Leif Holmlid spontaneous Par3cle emission

Holmlid, L. & Olafsson, S. Muon detection studied by pulse-height energy analysis: Novel
converter arrangements. Rev. Sci. Instrum. 86, (2015).
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Following experimental evidence for high energy particle observation
Have been published by Leif

1. Beta electron distributions even after meter distances in air
2. The detection via metal converters
3. Life-time of muons measured
4. The pion and kaon lifetimes measured
5. The current of charged particles detected in air and in vacuum by ferrite
coils, with pion lifetimes
6. Expected deflection of muons in magnetic fields

These evidences are still very indirect and therefore weak. The aim with the
cooperation is to take the next step and either confirm these results and find
better means of performing these experiments in real high energy physics lab
or to find alternative explanation for the observed results.

Annihilation of p+ ?
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TOF  detectors

TOF: Coil TOF: Faraday cup

MRD500 ultra fast diode
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• TOF length: 236 cm
• TOF: 31 ns
• Lifetime in the range of 

lifetime of pions π
• If we assume pion π the 

energy is 7,55 MeV.
• ”Muon” detector shows 

elevated spectra

Sindre Norway 2018
LH high kinetic energy release observed
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Experimental lab in Iceland



Rydberg matter exp.

Thin film growth and characterisation

Lithography and clean room Conductivity cell

University of Iceland
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Experimental development 
last 6 months 
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TOF

1064nm
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Camera

Lens

Motor x,y,z

Diode Trigger
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4GHz scope, 20GS/s  50ps
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• TOF : 4.0 � 0.7 ns

• TOF length: 105 cm

• Speed 0.95c!

• Decay time: ≈26ns 

• If we assume π-

mesons, the energy is 

90 MeV

• ”Muon” detector 

shows elevated 

spectra

High Kinetic energy release Iceland January 15, 2019

Observed decay time similar to:
K-mesons:13 ns
π -mesons : 26 ns
Muons : 2,2 us
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TOF

1064nm
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Surface Barrier detector
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Theoretical possibilities for proton annihilation

(It is speculation time)

• 3N-proton -> 3N-anti-lepton.
• Allowed according to the Standard Model !
• Never been observed, big bang high temperature conditions >10TeV
• Too high energy for the LHC accelerator at CERN.

• Candidate to solve mystery in cosmology i.e. Baryogenisis.
• Baryonic asymmetry, i.e. the imbalance of matter and antimatter
• Driven by the Adler–Bell–Jackiw anomaly in electroweak interactions

• Why appearing in LH experiments?
• Quantum Bose Einstein condensation/entanglement in the Ultra-dense phase
of protons due to long interaction times (days instead of 10-25 sec.)?



• Emission from reactor

LH “Muon” signal in Norway

Without D2 gas
With D2 gas

Counts: 3 532 102 Time: 500 s
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LH “Muon” signal in Iceland

January 
8 2019 January 

10 2019
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In lab out of lab comparison
• Red: far away from lab -1600V G4

• Blue: far away from lab -1700 G1

• Yellow: Reactor -1600V G4

• Purple: Reactor -1700V G1
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Cloud chamber tracks
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Cloud chamber



Thank you for listening
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Tunneling fusion rate model for the 
Coulomb potential

Rate = Gamov probability of crossing 
the barrier x attempt frequency

Reaction crossections are not included
Calculation are shown for f = 1016/s. 520 fm

2.3 pm

2.3 ± 0.1 pm!
100kW/mole D(0)
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D + D → n + 3He + 3.3 MeV

D + D → p + 3T + 4.0 MeV

D + D → He + γ + 24 MeV

p + p → D +e+ + νe + 0.42MeV

p + p + e- → D + νe + 1.44MeV

p + D→ 3He + γ + 5.5 MeV

p + 3He → 4He + e+ + γ+ ν +18.8 MeV

R

5 fm 50.000 eV  Barrier

R

Fusion plasma reactions at 
the core of the Sun

H2 molecule 70 pm

H+H+

H H

He*

Radioactive!

D = (pn) nucleus

Fusion

15M Kelvin
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Couloumb barrier is thin,
frequency of tunnelling is high

f = Evib/h ≈ 1016/s.

Molecular muonium fusion, µ-catalysed fusion known since 1947

Not drawn to scale

5 [fm]

R [fm]

Rd

R [fm]

Rd

Reaction is “directional” or “lined up”
Fusion time is less than one nanosecond

Reaction products are the same as in the Sun !

520 fm

He*

H H 

muon lifetime is to
short to reach beak
even
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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 

Confirms
> break even 
energy production

Rutherford radium “like” calorimetry experiment 
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