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Key takeaway: anomalous emitted radiation and 
surface isotopes have been reported in metal 

deuterides under low power laser irradiation and 
should be revisited with improved radiation 

detection and isotopic characterization

Neutron bursts

Elemental production

Laser irradiation



Hypothesis
Hypothesis: 

Nuclear reactions can occur in metal deuterides at near-ambient temperature and pressure conditions 
under low-power laser irradiation 
(Beltyukov 1991; Nassissi 1999; Mastromatteo 2016; Ushikoshi 2020; Barrowes 2022)

More specifically:

▪ DD and HD fusion reactions can be accelerated by nonradiatively transferring corresponding 
transition energies (23.8 MeV and 5.5 MeV respectively) to resonant excited states of heavy lattice 
nuclei (e.g. Pd and Ti isotopes). 

▪ Such transfer is enabled by shared phonon and plasmon modes that cause temporary delocalization 
of nuclear states in a coherence domain (delocalized nuclear excitons). 

▪ Dicke enhancement can accelerate what are initially low transfer probabilities due to weak couplings. 
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Overview of experimental setup
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Independent

variables

Observables Causes

• target material (Pd, Ti); 

• target temperature (25–175 °C)

• chamber gas (vacuum, H2, D2, Ar) 

• chamber pressure (0.01–4 bar); 

• laser wavelength (405, 594, 640, 1064 nm); 

• laser type (pulsed or continuous-wave) 

• laser strength (up to 1 J/pulse or 5-50 mW for CW); 

• spot size (0.01–1 cm2).

+ potentially many hidden variables

Spots

with low-Z 

elements

Bursts

in neutron and 

gamma detectors

Prosaic?

Nuclear?
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Variables overview

• neutron counts (He-3 counter detectors; efficiency ~20%)
• gamma counts >100 keV (NaI gamma spectrometers)
• isotopic ratios of sample surface materials (mass 

spectrometer + NAA; goal is accuracy ±10%)
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Reactor design



Reactor design (cont’d)



Preliminary experiments
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At US Army EDRC At MIT



Data Acquisition
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Measurement Recording Method Settings Latency Storage Media

SEM-EDS surface maps Bitmaps TBD Before and after each 
experiment

Dropbox or Google Drive

Isotopic detection Gamma spectra from 
Neutron activation 
analysis (NAA) and 
mass spectra from MS

TBD Before and after each 
experiment

Dropbox or Google Drive

Radiation detection (n) Neutron counts per 
second from 3He 
proportional counter & 
liquid scintillation 
detector

Use of moderator to 
optimize sensitivity for 
1-10 MeV neutrons

Continual data 
collection w/ time 
resolution of counts per 
second or higher

Local computer + 
Postgres time series 
database on an MIT-
based server; Dropbox 
or Google Drive backup

Radiation detection (γ) Spectra and counts 
>100 keV from HPGe 
and NaI spectrometers

Focus on 100 keV to 5 
MeV range

Continual data 
collection w/ time 
resolution of counts per 
min or higher

Local computer + 
Postgres time series 
database on an MIT-
based server; Dropbox 
or Google Drive backup



Reports of surface changes in the literature
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Biberian 2020, SFSNMC

SEM-EDS analysis of spots
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SEM-EDS analysis of spots

Barrowes 2022, ICCF24

Reports of surface changes in the literature (cont’d)



SEM-EDS surface mapping in collaboration with Texas Tech 
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Reports of neutron bursts in the literature 
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Menlove et al. 1990, Journal of Fusion Energy

Uchikoshi 2020, Kyoto University



Reports of neutron bursts in the literature (cont’d)
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Mastromatteo 2020, JCMNS



Reports of neutron and gamma bursts correlated with irradiation
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Gamma emission on the order of 5 x 10^3/s 

and neutron emission on the order of 2 x 10^2 n/s 

in bursts of <0.5 s 

(exceeding gamma background by 2x and neutron background by 18x)Beltyukov et al. 1991, Fusion Technology



24/7 data streaming with universal time stamps
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Cloud-based time series optimized Postgres database
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Database can accommodate scalar and vector data
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Example: neutron background
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Example: neutron burst
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Example: plotting data from different data source
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Example: plotting data from different data source (cont’d) 
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Obtaining low-cost large-area He-3 neutron detectors
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Shielding to reduce background (neutrons, gammas)

‣ Working with Igor
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Toward a statistical framework for neutron/gamma detection



Toward a statistical framework for isotopic analysis
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Building on:

Promising isotopes:



Toward a statistical framework for isotopic analysis (cont’d)
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Schuetrumpf & Nazarewicz 2017

Framing

H24 MeV

Fusion reaction viewed as a state transition to a lower energetic state, hindered by 

the reconfiguration of nucleons.

Analogous to how a state transition at the atomic level is hindered 

by the reconfiguration of electrons.



Fusion-fission hybrid reactions

Conventionally expected but hopelessly slow:
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Fusion-fission hybrid reactions

Conventionally expected but hopelessly slow:
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Terhune & Baldwin PRL 1965
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Zhang et al. (2018) Chinese Physics B
32

Two qubits 

implemented in silicon.

Classical analog to two 

coupled quantum systems

A B

Frimmer & Novotny (2014) 
Am. Journal of Physics

kinetic energy (classical) ≙ 

state occupation probability

(quantum)

Briggs et al. (2011) Physical Review E
Eisfeld et al. (2012) Physical Review E

Quantum state transfer through activation of couplings

Excitation transfer



Weak coupling

Start: Blue non-excited

Strong coupling

Start: Blue non-excited
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Damped oscillations

Start: Orange excited

Energy (total)

Energy of orange pendulum

Energy of orange pendulum

Energy in the elastic string

Briggs and Eisfeld, PRA (2013)
Zimanyia and Silbey, J. Chem. Phys. (2010)

qes.mit.edu

Mechanical analogs for excitation transfer
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Phonons/plasmons as source of couplings
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Cremons et al. 2016, Nat. Commun.

Phonons in Ge



Delocalized excited states as intermediate steps
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(one possible pathway of many)

coherentincoherent incoherent

coupling activated



Superradiance: coherent acceleration of emission
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N=2

N=5

N=10

N=20

Couplings 

associated with 

delocalized 

states

Chumakov et al. (2018) Nature Physics



What determines nuclear energy levels & reaction products
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Nuclear molecule literature:

Zagrebaev & Greiner 2010, Springer
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Quantum ratcheting

Vaquero-Stainer (2017), Imperial College London

Werren et al. (2023), PRX Energy

Low-Z elements from near-symmetric Pd fission 



The Emergence of Quantum Energy Science
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Metzler et al. 2022

https://arxiv.org/abs/2303.01632



First conference on “Quantum Energy”
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Accelerating chemical reactions via quantum effects
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“Scientists are intensely interested in 

what are known as ‘quantum-enhanced’ 

chemical reactions” 

Phys.org 2023

“molecules sharing a quantum state 

might produce accelerated chemical 

reactions if those molecules were 

'coupled' together and reacting as one” 

sciencealert 2023



Liquid drop models for determining nuclear excited states
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(Vd-53 + Vd-53)

Hagelstein 2023, ICCF-25



Long-lived excited states in Pd available for excitation transfer

43

Pd-106*

Pd-106Hagelstein 2023, ICCF-25



Intermediate variables
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QuTIP Python modeling of excitation transfer
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https://github.com/project-

ida/two-state-quantum-

systems/



Intermediate variables
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Intermediate variables
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Intermediate variables
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All the building blocks are there and accepted
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All the building blocks are there and accepted
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All the building blocks are there and accepted
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