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Introductory Personal Remarks:
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Introduction for the benefit of students and non-experts

a)Remarks on the current status of Fusion (Energy)
b) My Opinion

c) The Proton Boron Reaction

d) Our Experiments

Conclusion and Outlook



Current Status of DT-Fusion



Motivation and Introductory Remarks:

Magnetic Confinement Fusion

May 28, 2021: The Experimental Advanced Superconducting Tokamak
achieved a world record for Temperature T,and confinement time

Another
remarkable
achievement
(59 Ml)is
reported
From JET in a

DT experiment
in 2021

T, =100 MillionK t=101s ; T,= 160 Million K T = 20s



Inertial Fusion Breakthrough at NIF, Livermore

Approximate enerqy efficiency of diff. process steps of NIF:

e
Input energy of the laser 422 O 2
(xenon lamps are powered by a capacitor bank) MJ P Q > 2
o 7] = |
o c D
qN— =0
Laser Infrared output 3.6 °' (V] qC, o
= v c ©
(amplified IR light of the laser) MJ = 0 0
5
Laser UV output 21 1.8 /\7 E
(about 50% is left after conversion to UV) MJ MJ e E
29%% |G
Laser energy absorbed by the hohlraum A5 {‘%:o’%; \ a
(theoretical prediction: about 85% is left after the X-ray conversion in the MJ. = * 5
hohlraum) \
Laser energy absorbed by the outer layers of the DT target pellet <220
(theoretical prediction: about 15% of the X-rays are absorbed by the outer K
layers of the target)
Actual energy absorbed by the DT target pellet <14 L\
(based on report that more energy for this shot was released than UV- KJ
energy that is absorbed in the DT-target)
E
Energy out 5 §§§ 3
Energy released by fusion reactions 14 kJ i 3 ﬁ - E
(fraction 3.3x10°% of input energy of the laser) -
: y o | o
2014:= ; o ! 2018:= fusion energy of 54 kJ.

2021/22 fusion energy = 1.8 MJ/ >3MJ recently



A few remarks on my opinion on
current status of DT-fusion



Issues on the path to Fusion Energy with DT reaction

Probably a number of issues (incomplete list):

Target issues

Tritium problem (abundance and production from Li
Neutron issues ( Damage to final optics)
Superconducting magnets

From the scientific and technology point of view the NIF program is a success story



The 11B(p, @)2a Reaction at E, = 612 keV




Nuclear Level Scheme of the 11B(p, a)2a Reaction
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Schematic Decomposition of the p(11B, a)2a Particle Spectrum
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The p(}B, a)2a Reaction
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Measurement at SINAS (Shanghai) by
Inst. Modern Physics CAS, Lanzhou, China ENN-XJTU- IMP collaboration



This ends The Fairy Tale of 3 Alphas at 2.9 MeV
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Challenges of the 1B (p, @)2a Reaction
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Challenges of the 11B(p, «)2a Reaction

Reducing Bremsstrahlung by Changing the Fuel Mix Ratio
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Beam Fusion Experiments
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Experiments



Experiments at Laser Fusion Center in Mianyang
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alpha yield normalized by beam intensity for plasma and cold foam

In this experiment we observe orders of magnitude more

alphas than expected from p11B reactions with the beam

protons. We attribute this to electric field similar to those

that are responsible for the high degree of stopping in this
experiment:

Jieru Ren, Zhigang Deng, Wei Qj, et al. Observation of a
high degree of stopping for laser-accelerated intense
proton beams in dense ionized matter. Nature
Communications, 11(1):5157, 2020.

Additional protons from the target are set in motion and do
p11B reactions. We have to finalize the analysis. Compared
to the 250 Joule laser energy we get 0.28) alpha energy
0.1%. Taking only the beam power and only the energy
necessary to heat the target numbers are in the % range.
Still far away from scientific 1, but not bad for a beginning
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Summary and Outlook

The a yield from plasma is generally 1~2
orders higher than that from the cold foam.

Nonlinear increase of alpha particle yield with
proton beam intensity

Alpha spectra depend on proton energy

Alpha yield depends on Hydrogen Boron ratio of the target

All of this needs further verification



To Do List:

1:Remeasure the fusion cross section up to about 10 MeV
2: If possible measure under plasma conditions

3: Study the influence of magnetic fields

4:0pacity measurements on p11B plasma

5: Experimental and theoretical data on EOS

6: make better Boron Targets and Boron Hydrogen Targets



Problems for p11B energy production

p11B in the Inertial Confinement scheme
needs extremely high compression to about
10°9/ ( Weaver et al. LLNL 1973)

cm3

It will be extremely difficult to produce a Boron
pellet with the required surface roughness

We need an efficient driver to do the compression
work or is there a possibility to get away without
compresion?
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