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• .......................
• CORRECTION .After subtraction of the GAS-OUT measurements from
• the measured data, corrections were applied for the
• breakup neutrons. The magnitude of the correction
• depends on the reaction cross section and on the
• neutron energy. The error of the correction is 3% of
• the experimental value (R) describing the actual
• ratio of breakup-to-monoenergetic neutrons
• .Corrections were made also:
• For summing losses in the photon counting
• For the variation of the photon efficiency over the
• finite size of samples
• For photon attenuation in the sample
• For positron annihilation in flight
• For dead time effects
• For variation of neutron fluence in time
• For fission fragment losses
• For zero extrapolation of the fission events
• For neutron scattering from the gas target, fission
• chamber and support structures
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Keywords Selected # Entries    % of 
total

METOD ACTIV 3900         20 
INC-SOURCE D-D  4000         20
ENERGY 6 to 12 MeV
DETECTOR GE, GE-IN, 

GELI, HPGE           2200         ~10
NAICR 1800         ~10
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 Neutron spectrum unfolding: Mean neutron energy and energy distribution for the
irradiation geometry were determined by Monte Carlo program TARGET, spectrum unfolding
by time-of-flight measurements in combination with threshold activation unfolding procedure
were used in order to determine contribution of the breakup neutrons.

TOF measurement
•Liquid scintillator (NE213): 4” diameter 1” thick, t=0.5 
ns fwhm, 0.35 ns/channel, Efficiency: C. Goddio thesis 
work (En > 1 MeV)
•Pulsed VdG: 1.5 ns fwhm, long tails, 400 ns rep. period
•3 m flight-path
•Collimator to avoid scattered neutron contributions

Divide the flux in components: ’k
Fix group cross sections for 
standards: G

Use prior knowledge from time-of-
flight measurements

Generalized Least Squares: Based on Bayes’ method, algorithm 
and derivation in D.L. Smith ‘93
Program: GLSMOD, Drivers: CFLUX (CXSEC)



International Atomic Energy Agency6

(n,p) (n,n+p)

(n,γ) (n,2n)
(n,3n)

(n,p) (n,n+p)

(n,γ) (n,2n)
(n,3n)

Sample composition



International Atomic Energy Agency7

Detector efficiency: analytical function and MCNP detector efficiency simulation

Gamma-ray attenuation: absorption coefficient, x sample thickness xe
x

T 
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Coincidence summing correction

8







E3(p3)

E2(p2)

E1(p1)

121
2 1

1

t
coin pp

c
 )(



 33211
3 1

1

peffpeffpeff
coin pp

c
  ./..



2
1 1

1

t
coinc






International Atomic Energy Agency9

Eγ& Elevel Iγ#& α

88.85 3 1147.37 68.4a 11 0.487

93.15 5 93.15 18.3a 3 4.67

213.41 5 306.56 86.5a 12 0.232

216.64 4 1364.01 2.64 17 0.34 12

325.60 5 632.16 100.0a 12 0.0621

331.62 4 1478.99 12.1 6 0.1418

426.36 5 1058.52 103.1a 14 0.0292

454.2 5 1601.6 0.024 11 0.0247
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