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Summary of 
Updates from last 
Meeting

1. Succeeded in FLUKA consistency 
check with carbon target, And RCS 
Study.

2. Added extra shielding in entrance 
region to ensure CPS benchmarks 
are met.
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- We Performed a consistency check with previously known Calculations and Data.

- The goal was to ensure we are using FLUKA working as intended.

- Monte Carlo results from 2012 study with 1% carbon radiator at 11 GeV were used to compare 
our FLUKA results.

- Geometry and parameters of the 2012 calculation replicated within FLUKA.

- We looked at Neutron, e-, and photon production within FLUKA and compared to the M.C 
results from 2012 study

- Analytical calculation with electron and photon production, and compared with FLUKA 
calculation result.

- Real Compton Scattering (2002) experiment, geometry and parameters of replicated within 
FLUKA.

- Agreement within ~20% between FLUKA calculations and other studies. This is sufficient 
agreement moving forward with other calculations.

Summary of FLUKA Study (1/2)
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- Significant inequality in radiation levels (increase in backward 
direction) observed in original geometry, was investigated and 
solved by adding additional 10 cm shielding (~50 cm total W 
shielding). 

- Effect of 10 cm 5% Borated Polyethylene added to the outer 
shell of entire CPS was investigated.

Summary of FLUKA Study (2/2)
P.Reid 03/27/18
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11 GeV Electron beam incident on 0.1 cm carbon.

Carbon Electron Experiment (1/4)

Pink outline is low angle detector region, 

P.Reid 03/27/18

Side View of Geometry                    Front View of Geometry (target shown)
 

Beam
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Carbon Electron Experiment (2/4)
Neutron Production

Degtiarenko, 
Pavel, 2012

10 Mev 100 Mev 1000 Mev

P. Degtiarenko 2012(/electron/MeV/sr) (1-10o) ~3*10-8 ~8*10-9 ~3*10-10

FLUKA (/electron/MeV/sr) (1-10o) 2*10-8±1*10-8 6*10-9±2*10-9 3.8*10-10±1*10-10

FLUKA MC
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77Degtiarenko, 
Pavel, 2012 FLUKA MC

Carbon Electron Experiment (3/4)
Photon Production P.Reid 03/27/18



88Degtiarenko, 
Pavel, 2012

FLUKA MC

Carbon Electron Experiment (4/4)
Electron Production P.Reid 03/27/18
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Analytical calculation of Photon/e- 

The probability of photon emission within interval of photon energy E to E+dE which we will note as dP can be 
calculated as the following:

                where t is thickness of material where electron interacted expressed in the units of radiation length.

For ex: number of photons emitted by electron with energy between E1 and E2 could be calculated as: 
N=t*ln(E2/E1)

The electron energy after photon emission becomes reduced, and the electron spectrum can be expressed 
as: dN/dE = t/(Ebeam - E),     where Ebeam is initial energy of electron.

The average energy loss by electron can be calculated as:
Ebeam* t. The radiation thickness of material, t, is equal to the fractional loss of the beam energy. 

All of the results above are correct for t<<1, 
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In our case, radiation length t = 0.1, some corrections are needed, but beyond our interest in our 
approximation.

It is important to take into account that most of the photons are emitted in forward direction, within an angle 
approximately = mass of electron / energy of energy.

For t = 0.1, multiple scattering of electron in material should be taken into account, and angle will be larger.

Important: In order to compare calculations between FLUKA and DINREG, the solid angle normalization 
must be taken into account
For example: For polar angle <1^o =2pi*(1-cos(1^o)) = 9.6*10^-4
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Analytical calculation of Photon/e- 
P.Reid 03/27/18
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Real Compton Scattering 

We are using the RCS experiment because, RCS 
experiment had a large radiation level, however the 
electronics within the hall were not damaged 
noticeably.

RCS experiment satisfied all radiation requirements 
such as the boundary condition outside the hall and 
residual radiation inside the hall.

The radiation levels were calculated with FLUKA, 
and compared with calculated and experimental 
results. D. J. Hamilton, , A. Shahinyan , B. 

Wojtsekhowski , et al
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Basic RCS Reproduction

15 cm LH2 Target

6% copper radiator.

Previous simulation data 
obtained with energy 3.48 GeV

RCS Experimental Geometry. D. J. Hamilton et al. 
(Jefferson Lab Hall A Collaboration, 2005

P.Reid 03/27/18
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RCS FLUKA
Simple Geometry, No beamline shielding

Placed near center of Hall A

Vacuum regions added to simulate scattering chamber and beamline.

Updated 40 cm radius “blackhole” beam dump

Hall filled with Air (density 1 atm)

P.Reid 03/27/18
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Geometry of Radiation Detectors

GEANT4 Model has scoring model 
16 m upstream from center of Hall

SNOOPY (Neutron dose detector) 
approximately same location 

FLUKA model has a cylindrical 
detector volume that includes the  
16 m upstream region.

P.Reid 03/27/18
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RCS Results, Comparison

~1100 
neq/cm^2/sec

Converted 1 MeV Fluence units:

RCS GEANT4 Neutron flux ~5100 neq/cm2/sec

FLUKA calculated neutron dose at 16 m 
6500 ± 1500 neq/cm2/sec 

1 MeV neutron equivalent comparison

RCS GEANT4 simulation

P.Reid 03/27/18
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Dose rate measurement and calculations

RCS Results, Comparison
P.Reid 03/13/18

Observed SNOOPY dose: 440 mrem/hr @ 100 A

Calculated: 712 ± 200 mrem/hr @ 100 A
J. Boyce 2011
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Note: GEANT4 Calculation performed by Maduka in 2017



CPS Entrance Region Study

P.Reid 03/13/18
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Purpose:

Find sufficient shielding in 
Entrance region to stop 
“spilling” of radiation (shown 
in red box area).

Our approach is to match 
the thickness in the top and 
backward direction.
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Shielding in Backwards Region (1/2)
One way 
boundaryFrom February presentation things to note:

WIthout any W shielding

- CPS Entrance and Top exhibit very 
similar neutron spectra shapes

- Neutron rate/MeV between top and 
entrance detectors within ~50%

-
- CPS Exit exhibits much larger flux

Conclusion: The same amount of shielding for 
the Top shielding should be used for Entrance 
shielding (assuming radiator contribution is 
small).

P.Reid 03/27/18
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Shielding in Backwards Region (2/2)

Top of detector had ~50 cm of W powder 
shielding.

Added 10 cm of W shielding to entrance region, 
now ~50 cm W of shielding.

Added 10 cm of 5% (by mass) borated 
polyethylene to all boundaries of CPS (effective at 
removing thermal neutrons).

Both shield lengths are now ~50 cm 

P.Reid 03/27/18
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Prompt Dose results (1/2) All same Scale

Combined without extra shielding

Neutron Contribution without extra shielding Gamma Contribution without extra shielding

P.Reid 03/27/18
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Prompt Dose results (1/2) All same Scale

Combined with extra shielding

Neutron Contribution with extra shielding Gamma Contribution with extra shielding

P.Reid 03/27/18

21



2D Plot Detector  Layout
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Purpose: Colour Plots make it difficult to make quantitative conclusions. Two axis plots are much easier 
to use.

When Measuring Entrance/Exit Radiation, the immediate beamline must be removed in order to obtain 
meaningful dose results.

This detector will have the bounds , 5 cm < R < 30 cm , where R is the radius from the beamline.

e- Beamline

CPS

Radiator



Prompt Dose results (2/2) All same Scale

Combined with extra shielding

Neutron Contribution with extra shielding Gamma Contribution with extra shielding

CPS entrance ~ 
-86cm with added 
shielding

P.Reid 03/27/18
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Projected 
from 
R=5cm->30
cm



Comparison Between new and old Shielding
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Without added shielding 
CPS entrance.

With added shielding 
CPS entrance.

CPS Comparison, with and without extra shielding

Conclusion: A decrease by at 
least an order of magnitude in 
entrance region



1000 hour run @ 1 hour cooling

Benchmark: <few rem/hr after 1 hour 
cooling after 1000 hour run.
At 1 foot outside envelope (~30cm)

Working with lower statistics, will 
average along cylindrical shell ~30cm 
away from CPS (in red outline)

~0.8 mrem/hr ± 50% at 30 cm from 
CPS

P.Reid 03/27/18

25

Dose as a 
function of 
Radius



Notes

Prompt dose around entrance on the order of rem/hr <1 m from the 
CPS  (benchmark is order of rem/hr at 10 m)

Neutron Main Contributor to exit dosage.

Appears the “spilling” has been stopped with the extra 10cm + 
borated plastic. 

Need to run 10x more statistics to reduce uncertainties in entrance 
regions for both prompt and activated dosages (especially activated 
dose)

10 cm Addition to entrance W shielding is likely an effective 
addition to entrance radiation (barring more statistics)

P.Reid 03/27/18
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Moving 
Forward….
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1. Increase statistics

2. Calculate dosage in 
upstream region for other 
cooling times

3. Determine dosage at 
boundary (Benchmark 
<1 rem/hr)
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Questions/Comments/Concerns?

As always, FLUKA insight is greatly 
appreciated!

Thank you

P.Reid 03/27/18
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