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• Incoming flux cancels 

• Detection efficiency cancels 

 

 

 

 

+ direct relation: T  tot 
 good geometry 
 homogeneous sample  

•  Neutron flux 

• r  Detection efficiency 

• r solid angle (target-detector) 

• Pr Escape probability 

• Ar Effective area 

 

+ complex relation : Y  r 
 Yr = f (r , tot & n) 

 only for ntot <<1 : Yr   n r 
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Cross section measurements 



(n,) measurements at GELINA 

Flux measurement Capture detection system 



  AYPC

•  Neutron flux 

•   Detection efficiency 

•  solid angle (target-detector) 

• P Escape probability 

• A Effective area  
 

(n,) measurements 
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 Y,exp is the ratio of results of 2 measurements 
 

 Y is required,  

 i.e. standard reaction with known cross section 



(n,) measurements 
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• Absolute measurements 
 All parameters (P, A , ) have to be determined 

 Y has to be determined absolutely  
     (absolute cross sections needed) 

 

 

• Normalisation 
 N accounts for all energy independent 

parameters & 
    absolute value of neutron flux 

 Y only energy dependence is needed  
     (shape of cross sections needed) 

 N : determined at energy where Y is known 
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 : only the relative energy dependence is required 

10B(n,)  ~  1/v 

ntot >> 1 and   tot 
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Normalization at saturated resonance 
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 : only the relative energy dependence is required 

10B(n,)  ~  1/v 

N is independent of : 
•  sample thickness 
•  nuclear data 

Normalization at saturated resonance 
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ntot >> 1 and   tot 
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• Neutron source 
 moderated neutron beam 
 18o with normal of moderator face viewing FP4 

• Filters : 
 10B (0.005 at/b) overlap filter 
 S and Na fixed black resonance filter 

• Sample 
 Au-metal disc (80 mm diameter) 
 3.026 (0.001) 10-3 at/b & 5.596 (0.001) 10-3 at/b 

 

(n,) measurements for 197Au at GELINA 

• Neutron flux detector  
 Frisch-gridded ionisation chamber 
 10B(n,) reaction 
 2 back-to-back layers of 10B (84 mm diameter) 
 2 x 2.4 10-6 at/b 
 at 12.121 m from centre of neutron source 

• Capture  
 C6D6-liquid NE230-scintitllator 
  10 cm diameter 
  7.5 cm length 
 at 12.938 m from centre of neutron source 

 

 

• Measurement principles  
 Total energy detection principle +  

Pulse Height Weighting Technqiue 
 WF: Monte Carlo calculations 
 Internal normalisation: 4. 9 eV resonance 
 
 
 

 

 
  

  



(n,) measurements for 197Au at GELINA 

Total energy detection 

• C6D6 liquid scintillators 

 125o 

 Total energy detection principle + pulse 
height weighting technique  

 Weighting function: MC-simulations 

 

 

 

• Flux measurements (IC) 

 10B(n,) 
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TOF - spectra 

Flux measurements 

Background determination 
 black resonance technique 

B(t) = a0 + Bn(t) + Bov(t)  
 
•   ao time independent (< 10-1) 

 
•   Bn(t)  scattered neutrons 
   a1 tb1 
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TOF - spectra 

Flux measurements 

Background determination 
 black resonance technique 

B(t) = a0 + Bn(t) + Bov(t)  
 
•   ao time independent (< 10-1) 

 
•   Bn(t)  scattered neutrons 
   a1 tb1 

•   Bov(t) overlap neutrons 
  a2 e

-b2(t+to) 
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TOF - spectra 

Flux measurements 

Background determination 
 black resonance technique 

B(t) = a0 + Bn(t) + Bov(t)  
 
•   ao time independent (< 10-1) 

 
•   Bn(t)  scattered neutrons 
   a1 tb1 

•   Bov(t) overlap neutrons 
  a2 e

-b2(t+to) 
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Background influenced by sample 
 use of fixed background filters to adjust a1 and a2 



TOF - spectra 

Flux measurements 

Background determination 
 black resonance technique 

B(t) = a0 + Bn(t) + Bov(t)  
 
•   ao time independent (< 10-1) 

 
•   Bn(t)  scattered neutrons 
   a1 tb1 

•   Bov(t) overlap neutrons 
  a2 e

-b2(t+to) 
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TOF - spectra 

Capture measurements 

Background determination 
 additional measurements 

Bw(t) = c0 +   Cw,0(t) +   Rn(Cw,Pb – Cw,0)(t) 
 
• c0 time independent background  
 
• Cw,0(t) neutrons scattered in environment 

 + measurement without sample 
 

• Cw,ns(t) neutron sensitivity of detection system 

  + measurements with 208Pb metal disc 
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TOF - spectra 

Capture measurements 

Background determination 
 additional measurements 

Bw(t) = c0 +   Cw,0(t) +   Rn(Cw,Pb – Cw,0)(t) 
 
• c0 time independent background  
 
• Cw,0(t) neutrons scattered in environment 

 + measurement without sample 
 

• Cw,ns(t) neutron sensitivity of detection system 

  + measurement with 208Pb sample 

  Rn(Cw,Pb – Cw,0)  

  Rn  is the ratio neutron yield Yn,Au/ Yn,Pb 
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TOF - spectra 

Capture measurements 

Background determination 
 additional measurements 
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Bw(t) = c0 + k1 Cw,0(t) + k2 Rn(Cw,Pb – Cw,0)(t) 
 
Uncertainties of systematic effects 
 
• Cw,0(t) k1 = 1.00  0.03 
 

 

• Cw,ns(t) k2 = 1.00  0.05 
 

 

 (uk1
,uk2

) correlated uncertainty components 

 

 

Use of fixed BGR filters 
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Use of fixed BGR filters : 
reduces impact of systematic effects 
due to background 
 

Capture yield 
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Normalization at saturated resonances (internal) 

Saturated resonance at 4.9 eV 
with n <<  
 no reference cross section 
except for shape of 10B(n,) 
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Data analysis 
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From average Yexp to average  

...YYYY 210exp, 

 nY exp,

0 20 40 60 80 100
2.5

3.0

3.5

4.0

4.5

5.0

Neutron energy / keV

  d = 0.5 mm


 
 E

1
/2
 )

 /
 (

b
 k

e
V

1
/2
)

 

 
n

Y exp,
 



From average Yexp to average  

...YYYY 210exp, 
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From average Yexp to average  
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Reporting  
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Reporting  + covariance data (AGS-formalism)   

expY

+   covariance 
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Reporting  + covariance data (AGS-formalism)  
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Reporting  + covariance data (AGS-formalism)   
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Reporting  + covariance data (AGS-formalism)   

expY

+   covariance data 

uu and S(b0,k1,k2,NC) 

nF

Y exp,




 

(Cw, Cw,0, Cw,Pb,C) 








 Y

BC

BC
NY ww

Cexp,

T

ZZZZ
SSDV 

Bw(t) =  b0  +  k1 Cw,0(t) +  k2  Rn(Cw,Pb – Cw,0)(t) 



Reporting  + covariance data (AGS-formalism)   
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