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Region of Interest Definition
Size and position of roi defined by centering focus and finding square 
of size which contains 95% of detections 

● Detector position shifted ~20cm between runs 24902-24904

● Total counts per run within these roi were then recorded and plotted



  

Curve fitting to counts within ROI
Red runs have field |B|=0, curve is fit to red points (assumes |B|=0 has no effect)

=8.1

=1.35

Fit value for tau roughly correlates to half 
life of Mn isotope present in steel tubes

From data fit: 

   From table:

Data normalized to run duration (cps)
5 parameters, 11 points, 11-5=6 degrees of freedom

Runs 24879-24896

Runs 24905-24935 (roi shifted)

/ndof 

Middle-of-run timing



  

● Different ROIs include different tubes, some tubes are more noisy than others, 
could explain difference in background value (c1,c2) of fit

Regions of Interest

● First Sequence (runs 24879-24902)

Second Sequence (runs 24904-24935),  roi shifted 20cm

Noisy tubes



  

Covariance Matrix for |B|=0, 5 parameters fit

a1 c1 a2 c2 tau

a1
c1
a2
c2
tau

- Covariance matrix shows correlation 
between variables, diags show 
standard deviation of each variable
- symmetric positive definite matrix



  

Resilience of fit
Using two curves to describe fit, the 
observed tau values can be compared to 
verify the accuracy of the tau value from 
the singular curve fit:

From data fit: 

From table:

Fit 1 covariance matrix

Fit 2 covariance matrix



  

Visualization of Sampling Process

1σ deviation of 
measurement

Best fit line
|B|=0 point

|B|=ramping point

1σ deviation of fit

Gaussian distribution of function outputs 
using given sampled parameters 
(exaggerated for visualization)

Average errors:
Measured: 0.024636
Fit function: 0.001624
Residual: 0.024715

Fit function does not 
contribute significantly 
to total error



  

Using cov. Matrix to find fit error

● Error for points = standard 
deviation of fit value for each point

● Using numpy function:
np.random.mult(params, cov matrix)

– Samples params for fit’ function given 
covariance matrix from scipy fit

(1) For each time value, find 
estimated countrate using best fit 
function f(t) with optimal params

(2) take 5d correlated gaussian 
sample for params using cov, find 
f(t,p’) estimated countrate given those 
params

(3) find difference between best fit 
estimate (1) and sampled params 
estimate (2)

(4) repeat steps (2)-(3) 100,000 times, 
find standard deviation of difference 
found in (3)

→ standard deviation = error for 
f(t) found in (1)



  

Error propagation for correction

Error for countrate value defined as sqrt(total counts within roi)/ total duration of run

Error for fit defined as 1 standard deviation of fit’ value for each point, and fit’(t) 
calculated with parameters sampled from given covariance matrix

Error for residual rate found by adding component rates in quadrature

Final value for residual rate

(Total measured – background effect) = isolated |B| effect we are looking for
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Residue of |B|=0 points : finding chi^2

=1.35 

*error for |B|=0 points 
does not propagate fit 
error when finding chi_sq



  

Residue with propagated error for runs |B|=-5,-2.5,2.5,5
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Gaussian Weighted sum:
μ=-0.00937 cps
σ= 0.00530 cps



Residue with final error for runs |B|=/=0
*Ramping runs in black
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Gaussian Weighted sum:
μ=-0.00881 cps 
σ= 0.00423 cps



  

|B|=-5.0T
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s ) =0.77 Gaussian Weighted sum:
μ=-0.01147 cps 
σ= 0.01188 cps

(residue per point)



  

|B|=-2.5T
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μ=-0.01731 cps 
σ= 0.01180 cps



  

|B|=2.5T
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s) =1.78 Gaussian Weighted sum:
μ=0.00138 cps
σ=0.00977 cps



  

|B|=5.0T
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 Gaussian Weighted sum:

μ=-0.01312 cps
σ= 0.00958 cps



  

Beam Intensity Measurements:
-Lowell Beam: 9.93 * 10^8 neutrons/s
-Au Foil: 7.4 * 10^8 neutrons/s

-Average Intensity: 8.7 * 10^8 neutrons/s
-Estimated Error: 1.3 * 10^8 neutrons/s
-Relative Error: 15%

Considering |B|=5.0T
Gaussian Weighted sum of corrected data:
μ=-0.01312
σ= 0.00958

Gives:
Signal < 0.0026 [n/s] (95% Confidence Limit)
Signal < 0.0060 [n/s] (97.7% Confidence Limit)
Signal < 0.0092 [n/s] (99% Confidence Limit)

μ=-0.01312 n/s
Intensity=8.7* 10^8 n/s

μ/intensity = -1.5E-11
σ/(intensity-estimated error) = 1.3E-11
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