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Nuclear-Plasma Interactions with TR L a3%)
Compound Nuclear States o ey it

* Nuclear Plasma-Interactions (NPIs)
— Calculating the rates of nuclear-plasma interactions.
— Nuclear-Plasma Interactions with Compound Nuclear States
— Experimental Signature of the impact of NPIs on Spin.

* Planned Experimental Measurements

— Using the Inertial Confinement Fusion (NIF).
— Using a Long-Pulse/Short Pulse Laser (GEKKO+LFEX).
— Using a Beam-Foil Setup (88-Inch Cyclotron at LBNL).

« Summary and Future Work
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Nuclei can interact with electrons via i s yie>oy
nuclear-plasma interactions (NPI). '

Photo-absorption Atomic-nuclear (electron) interactions
Time Reverse: y-ray decay NEEC, NEET, IES*
Time Reverse: IC-decay

€free/ ~_— €free/bound

bound
,///éégi\\*

\ Photons

7

How would these interactions impact
compound nuclear states?




In NEEC, a free electron with some T A La3s)
energy is captured into a bound state. T
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Following the model from G. Gosselin and P. Morel, PRC 70, 064603 (2004 ).



Many of these same factors appear in .
the inverse process, internal //f"v' ' ‘?.0.3
conversion:
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In the quasi-continuum, there are also ///’AV.I o8
multiple final levels: AL i
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7 Similar Arguments apply to NEET :

Aypr & <r§_>, > X Phuclear (wf oy )
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If I, is known, all of these factors can i s. N2

be calculated. N A
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7 What is (I—) for transitions between
compound nuclear states?
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Two estimates: Single-Particle Strength m s.ye>os
and Photon Strength Function f. st o S

Six orders of magnitude Anpr < H> POnctear (W57 1)
difference between . -
estimate. <rfez>x pNuclear (l/}f"]f) = fXL (AE’ Jf) X AE

Dot  fro (AE.J ) x AE*H!
No experimental data on T
PSF for relevant atomic

energies (AE <100 keV).

NPl in the quasi- :
continuum might be the

only way to measure this. * /f/d\_/

What would the impacton 4, o -
neutron capture be?

Te (eV)

green: single particle; blue: lorentzian PSF.
7 NEEC on '%%Au quasi-continuum.
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NPIs opens up a new channel, resulting ///’Aleyt\ogx
in a “spreading” of the spin distribution. LA

Spin Spreading Due to NPIs
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At low spins, even a single NPI can drastically change the spin.
Calculations from Jutta Escher, LLNL Nuclear Theory & Modeling Group. p
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Increase In spin W|I_I enhance neutron 3
7 retention following low energy
neutron capture. d
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Measuring Neutron Capture in a Plasma m s.ye>os

. .- 7 XY
will be difficult. A WA

"%*Au m/g ratio at S_

* Population of Spin-Trap ¥
isomers following a nuclear '}
reaction depends strongly
on the initial spin.
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By measuring m/g ratio in and out of
plasmas, can observe the impact of NPIs.

NUCLEAR SCIENCE and SECURITY CONSORTIUM 12




Nuclear-Plasma Interactions with LV A [a3s)
Compound Nuclear States ot omin

* Planned Experimental Measurements

— Using the Inertial Confinement Fusion (NIF).
— Using a Long-Pulse/Short Pulse Laser (GEKKO+LFEX).
— Using a Beam-Foil Setup (88-Inch Cyclotron at LBNL).
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Glass/CH pusher (10 pm)

. kT=1-100 keV

DT gas
0.03% 134Xe

usion neutrons
interact via

134X e(n,2n)133Xe
on way out of
target

High Neutron Flux
(fluence=101"-22cm-2)

Using the Inertial Confinement Fusion m s.yie>os
(NIF) A LN i

Maximize neutron flux and plasma
7 density by placing a 13*Xe dopant

in an ICF target.
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134Xe(n,2n)133Xe sits on an ideal spot for N, R a3
testing NPIs on compound states: ~ #MAS¥3

Initial (E,J) Population of 133Xe from 134Xe(n,2n)

« Peak of residual spin
distribution at J=4.5. Sz
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(E,)) Populaggon of 133Xe from 134Xe(n,2n) During Decay

 Isomer is strongly fed
for J>4.5, effectively 0 “:
feeding below 4.5.

o (mb)

25 35 5 55 65 75 85 95 105 11.5 125 135
Relative p(J) of 133Xe vs Energy

0.18
0.16
014 =
012 &
0.10 _g
0.08 g
0.06 E
0.04
0.02
0.00

* Peak of residual spin
distribution falls on
highest slope of p(E,J).

7 — | '

Single-Particle Transition estimate yields
_NIF up to 5-10% decrease in DIGS.
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Very small amount of Xe

dopant wi

impact on plasma
conditions while still

yielding s
statistics.
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“Exploding Pusher” capsules consist of
DT gas in SiO, shell, typically achieve 7V AVaa<s
T urity A

=8-10 keV.

lon

Control sample is placed
outside the plasma in a
sample positioner on a
snout 50cm from the
target.

Il minimize

ignificant

7

Shot tentatively planned for



Using a Long-Pulse/Short Pulse Laser /m s. N

(GEKKO+LFEX) AL
Target normal sheath acceleration (TNSA) method Long
generates a high intensity, high energy burst of Pulse
protons for 198Pt(p,3n)'%%Au from the short-pulse

laser.
100 nm Al 20 um °8pt

Short | p b
pulse roton beam

‘ -
1 mm

Long-pulse laser is then used to put the platinum
target in a plasma state.

‘o

Long
Pulse

7
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Target-Normal Sheath Acceleration TN AL a3l
(TNSA) Proton Beams I A s

High intensity, short pulse
laser energy is absorbed by
the foil, producing
relativistic electrons

Thin metal foil

Electrons

Electrons generate a space charge field with a
magnitude of 102 V/m. This field accelerates
7 protons (from CH contamination) to energies of

@ up to 40 MeV.
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Compound nuclear state distribution .
from TALYS predicts long tail at high FViVaa&)

spin (E,=25 MeV).

1.E+11

1.E+10 \

3
£
3
c 1.E+09
S Threshold for
£ 198Pt(p,3n)1%€Au

1.E+08

1.E+07

0 10 20 30
Proton Energy [MeV]

7

NUCLEAR SCIENCE and SECURITY CONSORTIUM

@

Cross
section

drops above

\ 30 MeV as 4n
channel

opens

40

50

National Nuclear Security Administration

State Distribution from 198Pt(p,3n)196Au Reaction

Total isomer to ground state ratio for

the integrated TNSA spectrum is

calculated at 8.6% (with no plasma).

Due to unknown level structure
above the isomer, it is difficult to
estimate the change in DIGS.
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First experiment will be focused on LV A fas)
development of solid debris collection. AN

Need high efficiency Cu activation
solid debris collection diagnostics will
to give optimal characterize the
statistics. proton beam.

Solid debris

collection \

N
N

Activation diagnostic

@
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Using a Beam-Foil Setup (88” Inch TR L a3z
Cyclotron at LBNL) A LN

2100 pm When the highly ionized Au
metal foil 1981196 Ay beam P€am encounters the electrons
in the foil, NEEC is possible.

Generate excited 198/196Ay
beam via neutron transfer from
13C

197Au In the “close” target, Au is still
excited, and can NEEC.

In the “far” target, Au has
«—0O 197ay decayed to ground state or

isomer, and no states available
for NEEC.

21
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Inverting the Problem: T[>

Designing a 13C Beam Experiment A LN=2
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7 Transfer cross sections are well
explained by binary I-matching
model.
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Transfer cross sections are well TV a5

explained by binary I-matching model LMASA3
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Inverting the Problem: ////'nv.‘yoo,s'
Designing a °C Beam Experiment = " iSSmmm

b

N2
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Maximum m/g ratio occurs at 8.5
MeV/nucleon.

What is the spin/energy distribution?
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Determine compound E/J Distribution VA [
with Fermi-Gas Diffusion Model. AN

At these energies, heavy ions
follow largely classical
trajectories driven by coulomb
and nuclear forces.

Introduce diffusion terms to
allow exchange of particles,
angular momentum, and
energy, and calculate residual
nuclei with hauser-feshbach
models.

7
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It still cannot fully predict relatively large
single-nucleon transfer cross sections

I YA =35
[l N A =4

National Nuclear Security Administration
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Analysis ongoing.

Final experiment scheduled for Fall 2014
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" g
Summary and Future Work VA

lear

» Potential for modified neutron capture cross sections in a
plasma environment is important for post-detonation
forensics, astrophysics, and ICF energy.

* Three planned experiments in the upcoming year to attempt
to measure it.

« Xe Doped Exploding Pusher shot tentatively planned at NIF
during FY2015.

* Initial experiment planned at GECKO+LFEX to test solid
debris collection for TNSA proton beam experiment.

 Beam-Foil based experiment at the 88-Inch Cyclotron at
LBNL scheduled for October 2014.
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