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Fig. 1. Schematic diagram of two counter-propagating circularly polarized laser pulses interacting with ultrathin deuterium target:
(a)—(d) The cases of a left-rotating light and a right-rotating light (RCP+LCP); (e)—(h) the cases of two right-rotating light
(RCP+RCP). From left to right, the initial relative phase difference A¢ is 0, 0.5n, m, 1.5, respectively. Here, red and blue

curves represent the right- and left-rotating light and k is Poynting vector.
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Fig. 2. Spatial distributions of both electrons ((a)—(d) and (i)—(1)) and ions ((e)—(h) and (m)—(p)) for different rotation direction
of electric fields E; and initial relative phase (A¢ =0, 0.5z, n, 1.51) at t = 32Ty . Here, (a)—(h) and (i)—(p) represent the

cases of RCP+LCP and RCP+RCP, respectively.
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Fig. 3. Spectral distributions of (a), (b) electrons and (c), (d) ions for the cases of different rotation direction of the electric fields

E; of two counter-propagating laser pulses and their initial relative phase (A¢ =0, 0.57, n, 1.51) at t = 507y : (a), (c) RCP+

LCP; (b), (d) RCP+RCP.
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Fig. 4. Spatial distributions of (a)—(h) neutron production rate P, at t = 32Ty and (i)—(p) total neutron yield Ny at t = 50Ty

in the cases of different rotation direction of electric fields E; of two counter-propagating laser pulses and their initial relative

phase Ag.
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Fig. 5. Temporal evolutions of (a), (b) neutron production rate P, and (c), (d) total neutron yield Ny in the cases of different ro-

tation direction of electric fields E; of two counter-propagating laser pulses and their initial relative phase A¢ .
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Fig. 6. Spectra of the emitted neutrons at t = 50Ty in the cases of different rotation direction of the electric fields E; of two
counter-propagating laser pulses and their initial relative phase A¢: (a) RCP+LCP; (b) RCP+RCP.
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Fig. 7. Angular distributions of the accumulated neutrons at t = 257 (a), (b) and t = 507p (c), (d) in the cases of different rota-

tion direction of electric fields Er of two counter-propagating laser pulses and their initial relative phase Ag .
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Abstract

Neutron production via D(d, n)*He nuclear reaction during the interaction of two counter-propagating
circularly polarized laser pulses with ultra-thin deuterium target is investigated by particle-in-cell simulation
and Monte Carlo method. It is found that the rotation direction and initial relative phase difference of laser
electric field vector have important effects on deuterium foil compression and neutron characteristics. The
reason is attributed to the net light pressure and the difference in transverse instability development. The
highest neutron yield can be obtained by choosing two laser pulses with a relative phase difference of 0 and the
same rotation direction of the electric field vector. When the relative phase difference is 0.5m or 1.5n and the
rotation direction of electric field vector is different, the neutrons have a directional spatial distribution and the
neutron yield only slightly decreases. For left-handed circularly polarized laser pulse and right-handed circularly
polarized laser pulse, each with an intensity of 1.23 x 10' W/cm?, a pulse width of 33 fs and a relative phase
difference of 0.5m, it is possible to produce a pulsed neutron source with a yield of 8.5 x 10* n, production rate
of 1.2 x 10" n/s, pulse width of 23 fs and good forward direction as well as tunable spatial distribution.
Comparing with photonuclear neutron source and beam target neutron source driven by ultraintense laser
pulses, the duration of neutron source in our scheme decreases significantly, thereby possessing many potential
applications such as neutron nuclear data measurement. Our scheme offers a possible method to obtain a

compact neutron source with short pulse width, high production rate and good forward direction.

Keywords: two counter-propagating laser pulses, relative phase difference, rotation direction of electric-field

vector, pulsed neutron source
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