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Pinholes.
What is genuine 𝜆-spectrum to be used in simulations?



Pinhole data in November 2020 run

• Pinhole peak region of detector  PHR: 135 < X < 183 , 101 < Y < 152
• All files have double peak in Y (37064 has second peak in X)
• 37060 is best, it has

-> smallest rms :   𝜎𝑥 = 6.98 𝑝𝑖𝑥 𝜎𝑦 = 7.40 𝑝𝑖𝑥 in PHR
-> largest statistics

In Mike Kline
study
↓

Preferred by Mike

Background  →



Run # B, T Title Start Time Duration Counts Wavelength

32483 10x10 8x6 no attenuator itty bitty pinhole 11Ang 2019/07/30 21:26:58 EDT 0:05:48 1.56E+03 11

32482 10x10 8x6 no attenuator itty bitty pinhole 8Ang 2019/07/30 21:15:37 EDT 0:08:43 1.02E+04 8

32481 10x10 8x6 no attenuator itty bitty pinhole 3.75Ang 2019/07/30 21:12:50 EDT 0:01:13 3.48E+04 3.75

32480 10x10 8x6 no attenuator itty bitty pinhole 2019/07/30 21:11:15 EDT 0:00:38 2.53E+04 3.25

Pinhole runs in July 2019 at SNS power 1.05 MW



Which pinhole spectrum from 2020 runs can be used for the simulations as a genuine spectrum?

Pinhole spectra in 2020 normalized to equal area



Red spectrum is what is passing 18 pc plates 
In high-stat simulations without interaction 

Pinhole spectra in 2020 at 3.75 AA

There is something wrong with spectrum of 
non-scattered in simulations:  it doesn’t coincide 
with the pinhole 2019 spectrum at simulation input.

← July 2019 pinhole at 3.75 AA



18 PC spectrum in ROI with cuts



More problems are revealed in simulations. 



Simulations 
L.H. Dec 2022

In our measurements scattered spectra are not available.
In principle, measured spectra can be reconstructed in 
simulations if 𝜆(before) and 𝜆(after) are recorded



For initial 1.0E+10 neutrons in high-stat simulations there are 
458,585 (18 pc) and 449,646 (24 pc) scattered neutrons that hit the detector  

Simulations 
L.H. Dec 2022



Simulations 
L.H. Dec 2022



Yellow: Maxwell  
spectrum at 295K 

Simulations 
L.H. Dec 2022



RMS of central bump in simulations
𝜎𝑥 = 𝜎𝑦 = 30 𝑚𝑚 ≈ 43 𝑝𝑖𝑥

It is the same for all  PCs 18-24

In data-fit RMS is smaller
𝜎𝑥 ≅ 30 𝑝𝑖𝑥 ≈ 21 𝑚𝑚
𝜎𝑦 > 𝜎𝑥
Constancy of  both 𝜎𝑥 , 𝜎𝑦
is used by Cary as a constraint in 
the data-fit together with
constant parameter 𝑘 = Τ𝜎𝑦 𝜎𝑥
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?

Simulations 
L.H. Dec 2022
and COLD 
Sept 2022

Problem with COLD PC simulations 





Simulations 
L.H. COLD 
Sept 2022

Lawrence is looking for the resolution of this problem



TOF spectra and dead-time correction

Let’s look first at readout scheme



BNL information is nor specific for MAGREF detector but describes many similar detectors





Detector deadtime can affect linearity of the rate measurements

• N – real random intensity (cps), ND – detected intensity (cps)
Due to deadtime 𝜏 detector is paralyzed for some fraction of 1 sec, so that active time
𝑡𝑎= (1. −𝜏 ∙ ND ).  During that time detector counts 𝑁𝐷 = 𝑁 ∙ 𝑡𝑎 = 𝑁(1. −𝜏 ∙ 𝑁𝐷 ) or  

𝑁 = Τ𝑁𝐷 (1. −𝜏 ∙ 𝑁𝐷 ) → 𝑛𝑐𝑜𝑟𝑟(𝑅𝑂𝐼) = Τ𝑛𝑛𝑜𝑛−𝑐𝑜𝑟𝑟(𝑅𝑂𝐼) (1. −𝜏 ∙ 𝑁𝐷 )

• 𝜏 = 4𝜇s   - source: Mike Fitzsimmons (consistent with BNL publications)

• Detector readout scheme demonstrates that effect of electronic readout deadtime 
is not local (i.e., depending on the position of pixel) but global for the whole detector

• Local deadtime effect could be possible in the proportional mode detector due to 
accumulation of positive ions near multiplication wires with slow drift to the cathode.
Effect is small for low gas gain and low local rates (→ our case). 



V. Radeka, 1994

4𝜇𝑠 → 2.5 × 105𝑠−1



TOF spectra of  2020 PC runs without any cuts

All runs are ~ 1200 sec
Bin width here in 0.1 ms
Bins are filled with 60 Hz

→ 𝐶𝑜𝑢𝑛𝑡𝑖𝑛𝑔 𝑟𝑎𝑡𝑒𝑠 𝑝𝑒𝑟 0.1 𝑚𝑠

𝑛𝑐𝑜𝑟𝑟 = Τ𝑛𝑛𝑜𝑛−𝑐𝑜𝑟𝑟 (1. −𝜏 ∙ 𝑁𝐷 )



𝑛𝑐𝑜𝑟𝑟 = Τ𝑛𝑛𝑜𝑛−𝑐𝑜𝑟𝑟 (1. −𝜏 ∙ 𝑁𝐷 )

BTW:
Frank’s TOF cut 
Is < 24 ms.
My mistake.
Frank,
please use 26 ms



← 𝑛𝑜𝑛 − 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑓𝑜𝑟 𝐷𝑇 ← 𝑛𝑜𝑛 − 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑓𝑜𝑟 𝐷𝑇

Integrated global correction factors to 18-24 PC points due to local dead time effect (used by Cary)



Do we have dead-time effects in pinhole runs?



Run # B, T Title Start Time Duration Counts Wavelength

32483 10x10 8x6 no attenuator itty bitty pinhole 11Ang 2019/07/30 21:26:58 EDT 0:05:48 1.56E+03 11

32482 10x10 8x6 no attenuator itty bitty pinhole 8Ang 2019/07/30 21:15:37 EDT 0:08:43 1.02E+04 8

32481 10x10 8x6 no attenuator itty bitty pinhole 3.75Ang 2019/07/30 21:12:50 EDT 0:01:13 3.48E+04 3.75

32480 10x10 8x6 no attenuator itty bitty pinhole 2019/07/30 21:11:15 EDT 0:00:38 2.53E+04 3.25

Pinhole runs in July 2019 at SNS power 1.05 MW

Run 32841    (2019)  smallest pinhole at 3.75 AA          detector rate is  477  𝑠−1

Run 37102    (2020) 18 PC attenuator  at 3.75 AA              detector rate is  3114  𝑠−1

Run 37059    (2020)  pinhole at 3.75  AA detector rate is   827   𝑠−1

Run 37060    (2020)  pinhole detector rate is   1454 𝑠−1

Run 37061    (2020)  pinhole detector rate is   1039 𝑠−1

Run 37062    (2020)  pinhole detector rate is   691   𝑠−1

Run 37063    (2020)  pinhole detector rate is   943   𝑠−1

Run 37064    (2020)  pinhole detector rate is   840   𝑠−1



Integrals 100u : 200u : 500u  =  1.0 : 3.43 : 23.2 Beam divergence (but not pinhole diameter)
defines the area of the pinhole image in detector



Local DT correction for the most intense 2020 pinhole in run 37060

Global DT correction factor for most intensive pinhole run 37060:   1.009088

Total counts in the detector and counts in ROI



𝜂 values comparison



Fit parameter 𝜂 (6 points fit, 2 parameters) for 2020 data

𝜼 𝝌𝟐/𝑫𝑶𝑭

Calculated (above) 0.6362 ± ?? -

Present simulation thermal 0.6067±0.0026 0.49

Various Cary’s fits 0.669 ± 0.002 0.3-0.9

Mike Kline 𝜂 (𝑇𝑂𝐹) Av.  0.67 ± ? ?

The difference between measured and simulated 𝜂 can be stated.
There might several reasons for this difference



𝜂 value
Calculation for average 𝜆 in spectrum was made in 2021 after Matt’s PC weight/thickness revision

Comment:
We do not know
exact chemical
composition of 
Home Depot PCs

(𝐶16𝑂3𝐻14)𝑛
+ 𝐶15𝐻16𝑂2
+?𝐶20𝐻22𝑂3 TM   
+ UV stabilizer

H-BPA-PC

Polycarbonates do not have a unique resin identification code (RIC) and are identified as "Other", 7 on the RIC list. 

Products made from polycarbonate can contain the precursor monomer bisphenol A (BPA) C15H16O2

https://www.creativemechanisms.com/blog/everything-you-need-to-know-about-polycarbonate-pc
calls polycarbonate as C15H16O2

𝐶16𝑂3𝐻14

https://en.wikipedia.org/wiki/Resin_identification_code
https://en.wikipedia.org/wiki/Bisphenol_A
https://www.creativemechanisms.com/blog/everything-you-need-to-know-about-polycarbonate-pc


2020 intensity calibration

• PC position of 2020 (57”) to be used (shift ~ 70 cm upstream)
• More accurate measurements of PC thickness and density (Matt) will be implemented
• S3 collimator thickness 0.25” B4C (instead of 1 mm Cd)
• Non-scattered spectrum error should be corrected (to remain pinhole-like)
• Cold scattering spectrum should look like Cold ~ 30 K (not like 295K)

• Two new sets of data thermal/cold with initial statistics “1E+9”  
for 0,18,19,20,21,22,24 PC  to be produced. 

• The goal will be determining more reliably correction factor  for 𝐹0.
Currently it is × 1.5530 ± 0.1109

• Is practically finished (see Cary’s talk) including systematic errors of background subtraction
• Fit using 6 points and 2 parameters for counts integrated in FROI (Coulomb and dead-time corrected)
• Up scattering corrections still need to be applied from thermal/cold simulations.

We have it from the previous simulations, but it needs to be rechecked again in view of recent observations.

New simulations plan



Role of Cd

- Beam catcher
- Pinhole measurements

What was the thickness 
of Cd in pinhole plate?

1 mm Cd scatters 3% of the beam.
𝜎𝑠𝑐 = 6.5 𝑏
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