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Nuclear cross section depends on the polarization of the Deuterium and Tritium

R.M. Kulsrud, E.J. Valeo and S.C. Coweley Nucl. Fus. 26 335 (1986)
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DT cross section increases by 50% for fully polarized nuclei

* HS Bosch and GM Hale Nucl. Fusion 32 611 (1992)

Reactivity *



* S Atzeni & J Meyer-ter-Vehn The Physics of Inertial Fusion (2004)

ICF energy gain: G = ETN / E
ETN = qDT MDT 

Ds=1 + Ts=½ 
5He s=3/2 n + 4He   = 0 ; fully polarized DT   = 1.5

burn parameter * : 
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The burn parameter HB decreases as the reactivity increases

Unpolarized DT   : a = b = c = 1 / 3   = 0

Fully polarized DT: a = 1; b = c = 0   = 3/2 0

Burn fraction:
  h Rh / ( h Rh + HB )
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Ignition conditions for an isobaric hot-spot configuration (Multi-1D simulations)

Ds=1 + Ts=½ 
5He s=3/2 n + 4He   = 0 ; fully polarized DT   = 1.5

Isobaric model *

* J. Meyer-ter-Vehn Nucl. Fusion 22 562 (1982)
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Fully polarized DT: a = 1; b = c = 0   = 3/2 0
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Polarized nuclei implies an extension of the ignition region in the h Rh - Th space

Ds=1 + Ts=½ 
5He s=3/2 n + 4He   = 0 ; fully polarized DT   = 1.5

Isobaric model [2]
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The reduction of the hot-spot ignition conditions e.g. from 
[0.2 g/cm2, 7 keV] to [0.15 g/cm2, 6 keV] implies a reduction 
of the driver energy E which in turn increases the gain G

Unpolarized DT   : a = b = c = 1 / 3   = 0

Fully polarized DT: a = 1; b = c = 0   = 3/2 0



Ds=1 + Ts=½ 
5He s=3/2 n + 4He

The angular distribution of the fusion products also depends on the polarization
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R.M. Kulsrud, H.P. Furth, E.J. Valeo and M. Goldhaber Phys. Rev. Lett. 49 1248 (1982)
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Ds=1 + Ts=½ 
5He s=3/2 n + 4He

No significant modification of the  thermonuclear 
power and ignition energy threshold when the non- 

isotropic sin2() angular distribution is used by itself.

Non-isotropic angular distribution does not modify the ignition condition by itself

2D-DUED code with a 3D Monte-Carlo alpha particle 
package accounting for the angular distribution has 

been used to analyze if the anisotropic angular 
distribution could affect the ignition condition.

The effect of the non-uniform [sin2()] angular 
distribution has been analyzed neglecting the 

increased cross section (always 

 

= 1)
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1D numerical simulation of a direct-driven target

Ds=1 + Ts=½ 
5He s=3/2 n + 4He   = 0 ; unpolarized DT   = 1

A Direct Drive capsule [*] has been considered 

* See talk of Vincent Brandon, Tuesday 1000: 1D baseline target design for direct drive shock ignition

MULTI



Gain versus peak laser power and absorbed energy
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Gain versus peak laser power and absorbed energy
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The gain G increases nearly linearly (  0.9) with the polarization factor 

Ds=1 + Ts=½ 
5He s=3/2 n + 4He   = 0 ; fully polarized DT   = 1.5

= 1     Gmax = 44;
P* = 215 TW; E* = 290 kJ



= 1.5  Gmax = 64;
P* = 170 TW; E* = 250 kJ

---------------------

Gmax  0.9

The maximum gain Gmax  0.9 as found by
M. D. Rosen, J. D. Lindl and A. R. Thiessen
Laser Program Annual Report UCRL-50021-83
Lawrence Livermore National Laboratory



Absorbed energy ( -0.4) and peak power (-0.6) thresholds reduce by about 15% and 20%

Ds=1 + Ts=½ 
5He s=3/2 n + 4He   = 0 ; fully polarized DT   = 1.5
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Summary
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= 1.5  Gmax = 64; P* = 170 TW; E* = 250 kJ
---------------------

Gmax  0.9;  P*  -0.6;  E*  -0.4

 DT cross section increases by 50% for fully polarized nuclei

 The burn parameter HB decreases as the reactivity increases  The energy gain increases G = qDT MDT / E

  h Rh / ( h Rh + HB )

1D numerical simulation of a direct-driven target

 Absorbed energy ( -0.4) threshold is reduced by about 15%

d+ = 1 t+ = 1

 The burn fraction depends inversely with the burn parameter HB

 Polarization implies an extension of the ignition region in the h Rh - Th space: [0.2 g/cm2, 7 keV] [0.15 g/cm2, 6 keV]

 No significant modification of the  thermonuclear power and ignition energy threshold when the non-isotropic
sin2() angular distribution is used by itself.

 Peak power ( -0.6) threshold is reduced by about 20%

 The gain G increases (  0.9) with the polarization factor 



Summary

Ds=1 + Ts=½ 
5He s=3/2 n + 4He   = 0 ; fully polarized DT   = 1.5

 DT cross section increases by 50% for fully polarized nuclei

 The burn parameter HB decreases as the reactivity increases  The energy gain increases G = qDT MDT / E

  h Rh / ( h Rh + HB )

1D numerical simulation of a direct-driven target

 The gain G increases (  0.9) with the polarization factor 

 Absorbed energy ( -0.4) threshold is reduced by about 15%

d+ = 1 t+ = 1

 The burn fraction depends inversely with the burn parameter HB

 Polarization implies an extension of the ignition region in the h Rh - Th space: [0.2 g/cm2, 7 keV] [0.15 g/cm2, 6 keV]

 No significant modification of the  thermonuclear power and ignition energy threshold when the non-isotropic
sin2() angular distribution is used by itself.

 Peak power ( -0.6) threshold is reduced by about 20%

Thank you
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Nuclear Instruments and Methods in Physics Research A 625 43-46 (2011)





Dynamic nuclear polarization (DNP) results from transferring spin polarization from electrons to nuclei, thereby 
aligning the nuclear spins to the extent that electron spins are aligned. Alignment of electron spins at a given 
magnetic field and temperature is described by the Boltzmann distribution under the thermal equilibrium. 

When electron spin polarization deviates from its thermal equilibrium value, polarization transfers between 
electrons and nuclei can occur spontaneously through electron-nuclear cross relaxation and/or spin-state mixing 
among electrons and nuclei. On the other hand, when the electron spin system is in a thermal equilibrium, the 
polarization transfer requires continuous microwave irradiation at a frequency close to the corresponding 
electron paramagnetic resonance (EPR) frequency

Dynamic Nuclear Polarization
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