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Determine fraction of fuel burned, f;,

Credit: Lawrence Livermore National Laboratory



|ICF Reactions HOoUGHTON

COLLEGE
D+T - a+n(14.1 MeV)

n+D(orT) »n'+D'(or T

D'+ T (OI‘ D + T’) - a + n”(lZ — 30 MeV)

e
D’/ \“a

‘\ ‘/:\
8 o



Why Tertiary Neutrons

HouGguTON
COLLEGE
]
E 1072 =
=
3
B 104 |
E -
=
3 106 m
s, AU ~vv._ 0.60 gem?
: B —
% nT — n+T* I
2 0% = TT - 2n+a PR = 0.25 g/em? :
i I 4
| .
IO—IO 1 | l |1
0 10 20 30

TC3973 Neutron energy (MeV)



“C(n,2n)**C Reactionand  .]j4f-
Decay HouGHTON

COLLEGE

n' +12C - 2n+ 11C
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Likelihood of a reaction occurring




Cross Section (harns)
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Ability to determine incident neutron flux
Monoenergetic neutrons

Proton identification

Positron decay coincidence
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e Design focused on use of minimal
material.

e 2000um E detector utilized.
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Proton Telescope HoUGHTON

: : FD-150-15-300RM dE detector
1000 Series Al Foil -
Diameter: 13.81 mm Diameter: 13.81 mm CO L L E G E

Thickness: 0.00508 mm Thickness: 302 um
14.93 mm

LEC 200-5000 E detector

Diameter: 15.95 mm
PIPS Entrance/Exit Windows Thickness: 5000 um

Diameter: 13.81 mm

Thickness: 50 nm Au E detector Window

Diameter: 15.95 mm
Thickness: 2000 A of Si Equivalent



Counting Station

Pairs of Nal detectors in
coincidence are used to count 11C
decays in the target and shielding
graphite.
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Coincidence Spectra of activated Carbon Sample

1440 keV 40K line I‘,

511 keV Island




Nal Efficiency Apparatus il
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m  Measured efficiency (corrected for 1275
4.0% keV)
J 359 = Measured Absolute Full-Peak Efficiency
3.0% A ORTECvalue
®
| 2.5% = Calculated Efficiency (P-to-T = 0.54,
2.0% norm. to 10 cm)
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T 1.5% Tsoulfanidis p. 395)
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Counts
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* Extended sources
e Cross-sections depend on energy and angle

e Collimation by graphite target
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Cross-Section (mb)

Correction 2 —
Angular Dependence
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64, (Ey = 9.07 MeV) Gnp (E, = 26.4 MeV)
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Neutrons vs Scattering Angle
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Graphite Effects

Neutron to Proton Ratio
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Comparison to Naive Approach
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Future Plans and Current -
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* Continue work on Nal detector efficiency.

 Conduct experiment at energies beyond 26.4
MeV

e Additional corrections?
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