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PC simulated data sets produced with PHITS by Lawrence Heilbronn

https://phits.jaea.go.jp/

(1)  June 2022  from 0 pc to 24 pc  full set 0,12,16,18,19,20,21,22,24;   initial particle statistics  1.E+9

(2) September 2022 cold  pc,  low statistics, 0,12,16,18,20,22,24 pc  (not full set)

(3) Oct.-Dec. 2022; High improved statistics 1E+10, pc set 12,16,18,20,22,24 (no zero)  

• Overall normalization of three sets is not compatible (only within one set)

https://phits.jaea.go.jp/


Passed to detector without any interactions

L. Heilbronn, June 2022

* scaled up × 10
† fit for last 6 points  18-24 PC with 2 parameters

Set (1)



Passed to detector without any interactions

L. Heilbronn, ~ September 2022

Set (2)  Cold
Number of pcs Initial ns

0 1.E+6

12 1.E+8

16 1.E+8

18 1.E+8

20 1.E+8

22 1.E+8

24 1.E+8



Passed to detector without any interactions

L. Heilbronn, ~ Oct − Dec 2022

Set (3)  High Statistics

Number of pcs Initial ns

12 1.E+10

16 1.E+10

18 1.E+10

20 1.E+10

22 1.E+10

24 1.E+10

𝐹 = 𝐹0 ∙ [𝜂]
𝑛

𝐹0 =1.62059 × 109 ± 9.5 × 105

𝜂 = 0.74205 ± 0.00003
𝜒2/𝐷𝑂𝐹 = 340.8 (5-2)



18-24
pc plates



Simulation set (1)

9 points, 3 parameters 



Simulation set (1)

6 points, 2 parameters

(like with exp. data) 

9-3 fit

6-2 fit



Simulation set (1)

6 points, 3 parameters 



Cold files



Cold data

← not used



Simulation set (2) COLD

7 points, 3 parameters 

For comparison with (1)
Statistics scaled up by x10
0-point by factor 1,000

(1)  9-3 fit

(2) 7-3 fit
COLD



Simulation set (2) COLD

7 points, 2 parameters 

For comparison with (1)
Statistics scaled up by x10;
0-point by factor 1,000



Fit (1) comparisons
𝐹0 is known as     1.8755 × 108 ± 4.3 × 104

Fit  9 points with 3 parameters
𝐹 = 𝐹0 ∙ [𝜂 ∙ (1 + 𝛼𝑛)]𝑛

𝐹0 =1.87523 × 108 ±4.33 × 104

𝜂 = 0.58052 ± 0.00033
𝛼 = 0.00120 ± 0.00004
𝜒2/𝐷𝑂𝐹 = 1.358 (9-3)

Fit last 6 points with 2 parameters 
𝐹 = 𝐹0 ∙ [𝜂]

𝑛

𝐹0 =1.20768 × 108 ± 8.623 × 106

𝜂 = 0.6076 ± 0.0026
𝜒2/𝐷𝑂𝐹 = 0.490   (6-2)

Fit  last 6 points with 3 parameters
𝐹 = 𝐹0 ∙ [𝜂 ∙ (1 + 𝛼𝑛)]𝑛

𝐹0 =4.545 × 107 ±3.47 × 106

𝜂 = 0.6693 ± 0.0018
𝛼 = −0.00232 ± 0.00009
Τ𝜒2 𝐷𝑂𝐹 = 0.1317 (6-3)

Fit (2) cold for comparisons
Cold  fit 7 points with 3 par.
𝐹 = 𝐹0 ∙ [𝜂 ∙ (1 + 𝛼𝑛)]𝑛

𝐹0 = 1.561 × 108 ±3.9 × 105

𝜂 = 0.5815 ± 0.0014
𝛼 = 0.00092 ± 0.000016
Τ𝜒2 𝐷𝑂𝐹 = 0.921 (7-3)

Cold  fit  7  points with  2 par.
𝐹 = 𝐹0 ∙ [𝜂]

𝑛

𝐹0 = 1.559 × 108 ±3.9 × 105

𝜂 = 0.5887 ± 0.0002
Τ𝜒2 𝐷𝑂𝐹 = 6.63

Cold  fit 4 points with  2 parameters
𝐹 = 𝐹0 ∙ [𝜂]

𝑛

𝐹0 = 1.327 × 108 ± 1.064 × 108

𝜂 = 0.5969 ± 0.0206
Τ𝜒2 𝐷𝑂𝐹 = 589.4



Reconstruction of beam intensity from the 
experimental 6 pc-attenuated points with per 

Coulomb normalization using simulated fit of same 6 
points with 2 parameters  and with correction factor

𝐹 = 𝐹0 ∙ [𝜂]
𝑛



Update on 𝜂 from Matt Frost PC plates measurements 5/17/2021 (update 5/27/2021)

One PC plate thickness:     1.270 mm ± 0.0173 mm
Ave PC density:  1.1947 ± 0.0085 g/cm3 
ҧ𝜆 =3.216 Å

New Value
𝜂𝑐𝑎𝑙𝑐 = 0.63620 ± 0.0039

𝜂 1 = 0.6724 ± 0.0053

𝜂(2) = 0.67520 ±0.00053

𝜂 3 = 0.6713 ± 0.0123

Attenuation obtained from the data
The difference between measured 
and theoretical 𝜂 values remains

Only Matt’s measurement accuracies
are included  (dominant is thickness measurement) 
Cross sections are assumed have no errors.
Matt’s measurements errors will be improved.



et al.

(𝐶16𝑂3𝐻14)𝑛H-BPA-PC

Theoretical calculation of 𝜂 (2021)
and comparison with 𝜂 reconstructed
from the 2019 data analysis as a fit to 
function  𝐹𝑘 = 𝐹0 ∙ 𝜂 𝑘



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

Fit parameter 𝜂 from June 2022 (1) and cold (2) simulation fits

Fit type 𝜼 Error 𝜼

(1)  9-3 fit 0.58052 0.00033

(1)  6-2 fit 0.6067 0.0026

(1)  6-3 fit 0.6693 0.0018

(2)  7-3 fit COLD 0.5815 0.0014

(2)  7-2 fit COLD 0.5887 0.0002

← 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝛼



High-statistics data





Scattered background includes scattering on S3 collimator, in pc, in air, and beam diaphragm



Background including all scattering and bkgr of scattering in pc only (lower curves)











Theoretical calculation of 𝜂 can be possible with scattered 𝜆 spectra for all n
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