


A radiological study at the CERN
Anti-proton decelerator

Janik Blanc and Kevin Wiesner




Content
« Aim
- Introduction into the topic

- Implementation with FLUKA and Flair

- Comparison of the particles in the secondary
radiation

- Activation of the target




Alm
- modelling collisions of particles (base: ELENA)
« analysis of the secondary particle fields

- shielding design
— radiation protection at CERN




Introduction into the topic

« Monte-Carlo Simulations

 Example: Approach to pi

e FLUKA MC code for radiation
transport

o Cluster & GitlLab
« Anti-proton beam

« steel target
e 3*107 Anti-protons every 60s

w

https://de.wikipedia.org/wiki/Monte-Carlo-Simulation




Implementation with FLUKA and Flair
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Input for FLUKA
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& elena-shieldingflair - flair

= ) Input

@ g cur | Neww SExporty E # Preprocessor v X Delete 5 show~ @ Moveup At v & (oviewer

(5 Load

@ Mmaterial v CJ comment~ [~} |gkEditor

Paste =3COPY ||l Save~ % Import v| Addr (&) Change v @ Clone | State v (&' Refresh o Dl I 2. | A Print

Inp: elena-shielding.inp

CERN

\
NS

Card:11 Total:86

L3
%

e 5 RANDOMIZ UnitQL v Seed i
JGeneral USRBIN Unit 21 BIN v Name:part
{_JFrimary Type XY-Z v Xmin-1000. Xmax 1000, M¥:100.
{_JGeometry Part NEUTRON v rmin -1000, e 1000, NY-100.
__IMedia Zmin -1000. Zmax 1000, NZ-100.
{1Physics USRBIN Unit 21 BIN v Name: prot
{_1Transport Type X-Y-Z v Xmin:-1000. Az 1000, 1100,
{[Biasing Part PROTON v min -1000 ‘{max 1000, 100
{ Scoring Zrmin: -1000. Zmax: 1000, NZ:100.
\Flair USRBIN Unit 21 BIN v Name: pid

Preprocessor Type: X-Y-Z v Xmin: -1000. Xmax: 1000, 1% 100.
Part PION+ v Ymin:-1000. Ymax 1000. NY-100.
Zmin 1000 Zrmax 1000, NZ:100.
USRBIN Unit: 21 BIN v Name: pi-
Type X-Y-Z v ¥min:-1000. Xmax 1000, NX-100.
Part PION- v frmin:~1000. Yrmax 1000, NY-100.
Zmin -1000. 2max-1000. NZ:100
USRBIN Unit: 21 BIN v Name: dr
Type XY-Z v Amin:-1000. HAmax 1000, NX:100.
Part:DOSE-EQ v fmin:-1000. ‘fmax: 1000. NY:100.
Zmin:-1000. 2max:1000. NZ:100
(DDCYTIMES 111800, 12:86400, £3:31555008.
td 15 t6:
|® \RRPROFI AL19008000. p/s 500000
At pls
At pls:
% RADDECAY Decays Active v Patch Isom: v Replicas:
R Int ignore v 1/ LPE: ignore v Rl Wi ignore v e-e+ Intignore v
e-e+ LPB ignore v e-e+ WiV ignore v Loven Bias ignare v Lovin Wil ignere v
decay cut:0.0 prompt cut: 0.0 Coulomb corr: v
i, RESNUCLE Type All v Unit 22 BIN v Name: radiation
Max Z Max M. Red TARGET v Val:
USRBIN Uit 21 BIN v Name: dr30min
TYpE XY-Z v Amin:-1000. Amax 1000, NX:100.
Part:DOSE-EQ v fmin:-1000. fmax: 1000. NY:100
Zmin 1000 Zrmax 1000, NZ:100.
USRBIN Unit: 21 BIN v Name: dr1d
Type X-Y-Z v ¥min:-1000. ¥max 1000. NX-100.
Part: DOSE-EQ ¥ Ymin 1000 Ymax 1000, 1100
Zmin 1000, Zrmax 1000, NZ-100.
USRBIN Unit: 21 BIN v Name: drla
Type X-Y-Z ¥ «rin: -1000. Az 1000, NX-100.
Part DOSE-EQ v frmin:-1000. rmax 1000. NY-100
Zmin:-1000. 2max:1000. NZ:100
14 RESNUCLE Type Ally Unit 23 BIN v Name: rad30min
Max Z Max M: Red: TARGET v Vol
4\ RESNUCLE Type: All v unit: 24 BIN v Name:radld
Max Z Max M: Red: TARGET v Vol
4\ RESNUCLE Type: All v unit: 25 BIN v Name:radla
Max Z Max M. Req: TARGET v Vol:
| > DCYSCORE Cocling 1800, v Kind: USRBIN v
Det dr30min v toDet v Step:
> DCYSCORE Cooling 86400, v Kind: USREIN v
Det drld v to Det y Step:
> DCYSCORE Cooling © 31555008, v Kind: USRBIN ¥
Detdrla vy to Det. ¢ Step:
> DCYSCORE Cooling 1800, v Kind: RESNUCLE ¥
Det rad30min v toDet v Step:
> DCYSCORE Cooling £ 86400. ¥ Kind: RESNUCLE ¥
—tadld — —
*, +...2 . . . o v Al
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& + clena-shielding flair - flair
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Comparison of the particles in the secondary radiation
80 cm shielding:

neutron fluence with 3e+7 antiprotons per minute

proton fluence with 3e+7 antiprotons per ninute
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Comparison of the particles in the secondary radiation

Neutrons:

neutron fluence with 3e+7 antiprotons per ninute neutron fluence with 3e+7 antiprotons per nminute
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Comparison of the particles in the secondary radiation

Dose rate:

dose rate with 88cn shielding dose rate with 48ckn shielding
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Relative uncertainty of the simulation

relative uncertainty relative uncertainty
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Comparison of the particles in the secondary radiation

Dose rate:

Conparizon dose rate 48cn/88cn shielding

16080 ———
48cn shielding ——
- 88ch shielding ——
1080  _
. _
=
= _
>
&
2 1ee ~
u
- -
m -|-
£
8 Supervised radiation area {low occupancy}
-}
= 10 -
—_
3 -
2 - Supervised radiation area {pernanent workplace
1 - Tt =
== T=x
8.1 L 1 L TEEao
a 2808 488 Goaa ] 1868




Comparison of the particles in the secondary radiation

Dose rate:

Conparison dose rate 48cn/88cn shielding
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Comparison of the activation of the target

Dose rate:

residual dose rate after 1 day cooldown residual dose rate after 1 year cooldown
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Comparison of the activation of the target

Radiological characterisation:

radioactivity after 228 days of operation followed by 1 day cooldown radioactivity after 228 days of operation followed by 1 year cooldoun
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Activation of the target after 1 year

Radiological characterisation:

Mn-54 312,1d 5,84*10°3 100 58,4
Co-56 77,31d 2,95*10° 100 2,95
Co-57 271,8d 2,54*10° 1000 2,54
Na-22 2,603a 2,27*102 100 2,27

Activity/LL > 1 = Radioactive material
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Comparison of the particles in the secondary radiation

proton fluence with 3e+7 antiprotons per ninute proton fluence with 3e+7 antiprotons per ninute
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