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Why should nuclear physicists care about plasmas,
anyway? &)
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NPI effects can change reaction cross sections in HED plasmas — consequences for
nucleosynthesis, ICF implosions
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Challenges in measuring electron mediated NPIs

Traditional Picture of Nuclear Excitation by Electron Capture (NEEC)

L - System begins with an ion in the ground state and free
S K =—==e-G|  glectrons.
S 0
O . .
LD ! | —TE An electron is captured and the nucleus can be excited.

K%G However, [, = E, + |E}|

Atomic Nuclear
Nucleus decays by emitting a y-ray...

%, K } &
(@)
) 9 . .
O | .4 s—C E or the nucleus decays via internal conversion.

K —1G

LLNL-PRES-727633

. . ("“l
Lawrence Livermore National Laboratory N A‘ng_% 3
National Nuclear Security Administration



Challenges in measuring electron mediated NPIs

Traditional Picture of Nuclear Excitation by Electron Capture (NEEC)
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« HEDPs are noisy!

Decay

E or the nucleus decays via internal conversion.
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Solution: NPIs in the quasi-continuum

o
- Create an ion in an excited state in the quasi-continuum
2 in an environment where there are free electrons.
Q)
h The level density in the quasi-continuum is high, so it is
much more likely that there is a nuclear transition with
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But where can we achieve these conditions?
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Laser entrance hole

Cryogenic Ignition target

Heaters for mK

thermal control
DT fill line

-

Windows to
observe DT layer
prior to shot
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Si cooling arms covered
in light shields
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NIF can create highly-excited nuclei in a high
energy density plasma

NIF Target Chamber, 10 m diameter

Xe d t A .
s dopan < > But how do we detect NPlIs in
. : such a chaotic environment?
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Target: IDEP (indirect drive, « Control: up to 12 gas cells
exploding pusher) filled with 10 filled with ~1 atm of isotopically
atm DT, doped with 0.01 atm pure (>99%) 34Xe.

134% g

» Sees only neutrons.

Sees neutrons, plasma. « Post-shot, cell collected by

Post-shot, gaseous products technician.
collected by RAGS. « Sample counted at LLNL NCF.

« Sample counted at LLNL NCF.
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NPIs change spin distributions

« Changes to the entry spin distribution of the compound nucleus can affect both the
probability of y decay relative to neutron emission and the y-decay branching ratios

« Select a target which will produce a radioactive nucleus with a long-lived, low-energy,
isomer allowing the quantification of this effect.
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NPIs change spin distributions
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Two Major Challenges:
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Nuclear transitions are extremely narrow.
- Level density in the quasi-continuum is extremely
high (p~1/eV)

HEDPs are noisy! teps

-> Use relative population of long-lived isomer, ground teps
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The DIGS (double isomer to ground state) ratio is our
experimental signature of NPIs

« Extracting the DIGS ratio requires two independent
samples: T oS
* The plasma sample, which is exposed both to
plasma and to neutrons.
* The control sample, which is exposed only tothe | ;v 4 22
neutrons. 2248 d133x6 510 5ot
6.283 ns l
N Xe—183m / nrXe—133g dge b e
R plasma lasma 133Cs
DIGS — N Xe—133m Xe 133g Decay of 133Xe
cont'rol ontrol

(gammas measured in HPGe)

* Avalue of Rpras # 1 could indicate NPI effects.

« Avalue of Rprog = 1 would help constrain low-energy photon
transition strength in the quasi-continuum [1].

Lawrence Livermore National Laboratory [1] D.L. Bleuel et al., Plasma Fusion Res. 11 3401075 (2016). JNJAY<% 12

LLNL-PRES-727633



Everything depends on the level density and
strength function at low (keV) energies

NEEC rate;:
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Hauser-Feshbach calculations are done with TALYS

Predicts the entry spin
distribution of the
compound nucleus
(peaked at J = 9/2)

The strength feeding the
(J = 11/2) isomer mostly
comes from CN states
with J > 9/2

NPIs will shift the angular
momentum distribution
towards the available
level distribution.

Preliminary Monte Carlo
estimates indicate
possible ~5-10% effect
on DIGS (single particle
vSF model).
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MCNP

(Monte Carlo N-Particle) code was used to simulate neutron transport

» Neutron scattering off of chamber
components can contribute to the uncertainty
in the DIGS ratio.

\ S Cryo-TARPOS
\ ,,
« The (n,2n) reaction cross section is ) G
energy-dependent. Downscattering

neutrons will increase the DIGS ratio. ’ 'Q \

. Simulation components by H. Khater, C.
¢ The NIF Chamber and its mternal Hagmann, J. Hall, C. Brand, and D. Bleuel

components have been modeled with MCNP 1
to determine the effect of neutron
downscattering [1].
* The simulated difference between the
neutron spectrum seen by the gas cell
and in the capsule leads to a 0.22%
increase in the DIGS ratio.
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Measure the decay of 133Xe at the Nuclear Counting Facility
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Extracting the (D)IGS ratios

Next shot: May 2017! (>3x the statistics?)

Preliminary — but intriguing!
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NPIs can change reaction cross sections in HED plasmas, are of
interest to ICF implosions and nucleosynthesis

Past attempts to measure NEEC have been hampered by the narrowness of the
nuclear transitions thought to participate and the noisiness of the plasma
environment.

« We address these challenges by inducing NEEC on an excited nucleus and
by using the relative populations of the isomer to the ground state in 133Xe
to assess NPI effects.

The first NIF measurements probing the strength of NPIs occurred in early FY17.

* Preliminary results are not inconsistent with a weak NPI effect.
 Even no measured effect can constrain the strength function at keV
energy!

Follow-on shots to increase statistics are planned for mid and late FY17.
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Thank you for your attention!
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