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BEAM DUMP: Geometry and Model Components

Top Concrete Shield (TCS) Concrete Portland Reg 3
950 x 1200 x h530
Bottom Concrete Shield (BCS) Concrete Portland Reg 5
Copper back D260 x L300 Copper Reg 1
Copper shield D260, d130, L200  Copper Reg 4
Beam Transport Pipe (BTP) Di40, De43 Steel Reg 2
Metal plate W400, L800, t10 Steel Reg_8
Beam Dump Core (BDC) D130, L200 Aluminum Reg 7

Beam Exit Pipe (BEP) Di63, Deb7 Aluminum Reg_6




Requirements for ELBEX main electron beam dump (14.05.2025)

The main electron dump is placed at the end of the ELBEX user beamline located in XTD8. The electron beam is bent downwards
towards the dump with a permanent dipole magnet (see sketch). The dump is placed at an angle o and at a distance Az from the
permanent magnet such that sufficient space Ay remains between the dump and the X-ray beam pipe going at a height of 1.4m

above the tunnel floor straight towards the fusion area and the Schenefeld hall.

X
XTD8 top m L Permanent Dipole Towards fusion Pa rameter Value
z Magnet

Electron, | gme,umm

electrons/x-rays e . D“g : - Maximum Beam Energy 40 GeV
|
~150m Maximum number of bunches 50
extracted per train to XTD8
v‘ Repetition rate 10 Hz
XTD8 side view Permanent Dipole MM
Electron 1 experiment

Magnet pump " Maximum bunch charge 1nC

electrons/x-rays. X-TAVS.
LUXE el I R - ;
lectron: I L4m Intra-train bunch spacing 220 ns
Az I

Tunnel floor

~150m

Beam intensity = 6.24 x 1018 x 10° x 10 x 50 = 3.12 x 102 e per sec - 6.24 x 10'° e" per sec



Residual Decay

1 hour

Total effective dose, tgec =1 h (tjrr = 1000 h, 1 nCx 10 Hz) - Left side
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1 day

Total effective dose, tgec = 1 day (tjr = 1000 h, 1 nC x 10 Hz) - Left side
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Nuclei Production: Nuclide Charts
Cu back

MNuclei Production Table - Cu Back (Primaries = 1E5)

Concrete shield

Muclei Production Table - Top Concrete Shield (Primaries = 1E5)

Al core

Muclei Production Table - Al Core (Primaries = 1E5)
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Hazardous Isotopes: Z =

g

1-30

Muclei Production Table - Cu Back (Primaries = 1E5)
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Hydrogen
Lithium
Beryllium
Sodium
Aluminium
Chlorine
Argon
Potassium
Vanadium
Chromium
Manganese
Iron
Cobalt

Nickel

Li-6
Be-10
Na-22
Al-28
Cl-36

Ar-41

Tritium, B-emitter, long-lived (12.3 y)

Used in fusion, neutron absorber
Long-lived, a-emitter

y-emitter, T =2.6y

Short-lived B~ emitter

Very long-lived, B~ emitter
y-emitter, short-lived (1.8 h)

B and y-emitter

B* and y-emitter, T./, = 16 days
y-emitter

Strong y-emitter, T;/> = 312 days
X-ray emitter, long-lived

High y emitter

B-emitter

High y emitter



Yield per primary particle

Nuclei Production

o Cu Back (Region 7) shows higher residual nuclei production, including Zn-65 and Co-60, which are
long-lived gamma emitters with significant radiological impact.

o Top Concrete Shield (Region 3) shows a consistent reduction (~¥55—65%) in yield for all relevant
isotopes.

o Co-60 and Zn-65 are the most concerning due to their half-lives and gamma emission — more
shielding is needed. Stainless steel is one of the options.

Activation Product Chart - Al Core (Primaries = 1E5) Activation Product Chart - Cu Back (Primaries = 1E5) Activation Product Chart - Top Concrete Shield (Primaries = 1E5)
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Energy Deposited for ANSYS simulation

IN PROGRESS...

https://gitlab.cern.ch/SY STI TCD/Fluka-to-ansys-tables

Fluka To Ansys Tables
Script to convert Fluka energy deposition files to a loadable power table by Ansys Mechanical, CFX and Fluent

tools of Ansys. The script allows scaling based on beam intensity and pulse length, coordinate transformation
and total power calculation.


https://gitlab.cern.ch/SY_STI_TCD/Fluka-to-ansys-tables

Energy Deposited for ANSYS simulation 1GeV =1.602e-10)
1C=6.24x1el8 e-

IN PROGRESS...

Norm factor = 1.602 x 1e-10 x 6.24 x 1e9 Norm factor = 1.602 x 1e-10 x 6.2 x 1e9 x 50

Energy deposition in the core beam dump - Al and Cu (Q=1 nC, beam width 100x100 um, bin=1cc) ‘nergy deposition in the core beam dump - Al and Cu (Q=50 nC, beam width 100x100 um, bin=1cc)
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Radiation Resistance of materials

Al core

IN PROGRESS...

Energy deposition in the Al core (Q=1 nC, beam width 100x100 um, voxel=200 x 10 x 10 um)
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Thank you for attention

INFN Padova Sergii Vasiukov 16.07.2025



BACK UP
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BEAM DUMP: Geometry and Model Components

Top Concrete Shield (TCS) Concrete Portland Reg 3
950 x 1200 x h530
Bottom Concrete Shield (BCS) Concrete Portland Reg 5
Copper back D260 x L300 Copper Reg 1
Copper shield D260, d130, L200  Copper Reg 4
Beam Transport Pipe (BTP) Di40, De43 Steel Reg 2
Metal plate W400, L800, t10 Steel Reg_8
Beam Dump Core (BDC) D130, L200 Aluminum Reg 7

Beam Exit Pipe (BEP) Di63, Deb7 Aluminum Reg_6
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Requirements for ELBEX main electron beam dump (14.05.2025)

The main electron dump is placed at the end of the ELBEX user beamline located in XTD8. The electron beam is bent downwards
towards the dump with a permanent dipole magnet (see sketch). The dump is placed at an angle o and at a distance Az from the
permanent magnet such that sufficient space Ay remains between the dump and the X-ray beam pipe going at a height of 1.4m

above the tunnel floor straight towards the fusion area and the Schenefeld hall.

X
XTD8 top m L Permanent Dipole Towards fusion Pa rameter Value
z Magnet

Electron, | gme,umm

electrons/x-rays e . D“g : - Maximum Beam Energy 40 GeV
|
~150m Maximum number of bunches 50
extracted per train to XTD8
v‘ Repetition rate 10 Hz
XTD8 side view Permanent Dipole MM
Electron 1 experiment

Magnet pump " Maximum bunch charge 1nC

electrons/x-rays. X-TAVS.
LUXE el I R - ;
lectron: I L4m Intra-train bunch spacing 220 ns
Az I

Tunnel floor

~150m

Beam intensity = 6.24 x 108 x 10° x 10 x 50 = 3.12 x 10!2 e per sec
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Beam Parameters

Particle Electron 20
1)
Energy 40.0 GeV !
Type Gauss B
-_30_ ________________________________
FWHM 0.1 mm (0.01 cm) 20
X=0cm .
o, o, . - =50
Initial position Y=-141.82 mm g
Z =3069480.0 mm el
_?( %,
o o oliate R - -
beam incident tilting Cos Y ~ 2.235 degrees ) z B
T a0gmi0  T06930  I06950  INEIPO I0EII0 FOTLI0  FOFOIO  ZOTOSG IOPLTH I0TOB  TPAL0 F07E

< {ajinput * « [TITLE... DEFA.LTS : 3 cards
I &¥General T B e B L Er LT . B - EE T T TR UL Y-
==40.@ GeV e-, 100 um FWHMxy
b iGeometry 3 BEAM Beam: Energy v E: 40.0 Part: ELECTRON ¥
> @Media Ap: Flat v Ap: 0.0 Ad: Flat v 2d: 0.0
D%Physics Shape(X): Gauss v *{FWHM): 0.01 Shape(Y): Gauss v y(FWHM): 0.01
P MaTransport T . . (o PSRy ot STy S Y TP LI (SR R
> aBiasing ==beam incident tilting cosy =-sin(2.5%3.14/18@) and move y:=-16.182 AlCore z = 3@86999.1537485
b Fscoring % BEAMPOS % 0.0 y: -14.182 2 =306948.
cosx: 0 cosy: =-sin(2.5%3.15/180) Type: POSITIVE v
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Radiation Resistance of materials

3% BEAM
Ap: Flat »
Shape(¥): Gauss v

Eeam: Energy v
Ap: 0.0
x(FWHM): 0.01 €M

E: 40.0
Adv: Flat »
Shape(Y): Gauss v

Part: ELECTROMN »
Ad: 0.0
y(FWHM): 0.01 cm

Energy depasition per S0 nC bearn charge (beam width 100x100 um)
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Simulation results: heat maps dose rate in the tunnel

Thanks to Ted Liang for his help with the model and advice.
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Residual Decay: 1 hour

Front side Back side

Total effective dose, tgec =1 h (tjr = 1000 h, 50 nC x 10 Hz) - Front Total effective dose, tyec =1 h(tjr = 1000 h, 50 nC x 10 Hz) - Back
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Residual Decay: 1 hour

Left side

Total effective dose, tgec =1 h{tj;r = 1000 h, 50 nCx 10 Hz) - Left side
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Residual Decay: 1 week

Front side Back side

Total effective dose, tgec = 1 week (tj = 1000 h, 50 nC x 10 Hz) - Back

Total effective dose, tgec = 1 week (tj,r = 1000 h, 50 nC x 10 Hz) - Front
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Residual Decay: 1 week

Left side

Total effective dose, tye: = 1 week (tj;r = 1000 h, 50 nC x 10 Hz) - Left side
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What the Model Allows You to Observe

The model makes it possible to

* Dose rate heat map and profiles;
* Assess dose outside shielding (important for personnel and electronics);

* Evaluate shielding efficiency.

Arguments demonstrating the model’s suitability for an electron beam dump

e The 40 GeV electron beam energy corresponds to new realistic accelerator conditions.

* Main physical processes relevant to a high-energy beam dump are activated and explicitly treated.

* The complex beam dump geometry is imported from detailed CAD (ABAQUS) data, ensuring geometric fidelity.

* Energy-loss and fluence scorers quantify heating and material damage inside the dump.
* Dose-equivalent scoring in surrounding regions addresses radiation-protection requirements.

* Residual-dose calculations provide cooldown estimates for safe human access and maintenance.

22



Supplementary Materials
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BEAM DUMP: Model Orientation

Initial Model XYZ (CAD) Rotated Model XZY (FLUKA)

The correct orientation of the model must be done before importing
it into FLUKA. Minimizing rotation and positioning operations
ensures fewer bugs during simulation and data post-processing.

Advice: perform all work with the model in a CAD file, convert and
import the finished model into FLUKA!



Complex Model Import to FLUKA

Unstructured meshes mini guide has been used to convert CAD file of the
complex model to FLUKA UNMESH card (ABAQUS file)

Starting with FLUKA version 4-5.0, the support of multiple types of the first order polyhedral meshes, the

Unstructured Meshes (UM), has been included in the code. This document has the scope to guide in the use of UM
as geometry of FLUKA simulations.

Blender

CAD file = STEP file > ABAQUS file

CAD Software CAD File

FLUK,f-'\_mesh_fmA
FreeCAD FLUKA UMESH

A specific tool, FLUKA _mesh_fix.py has been developed for this purpose. It is a Python script, located in the
geom mesh utils package, which utilizes Voxel remeshing, similar to the one in Blender. The script employs a

comparable functionality from the Meshlib library, which is more flexible in terms of supported systems and Python
versions (more details and guide for the meshing script).

25


https://flukafiles.web.cern.ch/guides/unstructured_mesh/unstructured_mesh_mini_guide.html
https://flukafiles.web.cern.ch/tools/geom_mesh_utils.tar.gz
https://flukafiles.web.cern.ch/guides/unstructured_mesh/unstructured_mesh_mini_guide/generation.html

Radiation Hardness: beam width 10 x 10 um

Energy deposition per 50 nC beam charge (beam width 10x10 um)
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Radiation Hardness: beam width 100 x 100 um

Energy deposition per 50 nC beam charge (beam width 100x100 um)
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Radiation Hardness: beam width 1 x 1 mm

Energy deposition per 50 nC beam charge (beam width 1x1 mm)
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Radiation Hardness: beam width 10 x 10 mm

Energy deposition per 50 nC beam charge (beam width 10x10 mm)
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Radiation Resistance: limits check
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Simulation results: Track-length fluence

Track-length fluence in Al core (1 nC)

10M —_—
10 electron ——
10 photon 1 Normalization
109 ne:‘:{z: 1 To compare results and interpret the data quantitatively, the track-length fluence was
?ﬂuon_ 3 normalized using the formula:
U 108 I part . 1
= altpd | Norm Factor = ————- N,
E 107 1 7-L-R2
-~ 1 where: L=20 cm — radius of the cylindrical aluminum core, R=6.5 cm —the core radius,
E 106 1 N,=6.24x10° — conversion factor from nC to the number of primary particles.
o ]
g 10° 1 This normalization allows expressing the fluence per unit volume per unit energy per
o ] unit charge, yielding values in: [1/(cm?-GeV-nC)]
g 10° 1
c E
é 102 | e 'I Such normalization makes the results applicable for evaluating radiation effects per unit
] incident charge, facilitating comparisons across different experimental setups or beam
10? 1 intensities.
10 .
10° — - — -
103 102 107 10° 10 107

Energy [GeV]

* The aluminum cylindrical core is exposed to a significant flux of secondary particles, especially electrons and photons at low energies, and protons and
neutrons at higher energies.

* The maximum track-length fluence reaches approximately 10'°—10" [1/(cm?-GeV-nC)] around 1-10 MeV, which is critical for assessing radiation hardness.
* The spectrum is characteristic of hadronic and electromagnetic cascades generated by primary particle interactions with the target.

* The fluence distribution highlights the dominant particle types and energy ranges that contribute most to radiation dose and particle flux, which is
essential for shielding design, material selection, and electronic damage evaluation. 31
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. < Glnput * « [ITLE... DCYI-MES : 66 cards J‘ + ‘ *
P h d T t C d I ¢¥General ==F. Cerutti recommends starting with bias of 1% and possibly decrease further
yS I CS a n ra n S po r a r S b $¥Primary % PHOTONUC Type: MUMUPAIR ¥

b €dGeometry Coherent: On ¥ InC. quasielastic: On v Inc. Inelastic: On¥ DeeplInelasticc Ony
> @Media Bias inter-A: =0.01 Mat: HYDROGEN v to Mat: @LASTMAT ¥ Step:

" PHOTONUC Type: ELECTNUC v Aleonv

E:;;::i?;on E=0.7GeV: off v Aresonance: off v Quasi D: off v Giant Dipole: off v
PhySiCS included in the calculation DTScoring Mat: HYDROGEN ¥ to Mat: @LASTMAT v Step:

==From manual: To achieve reasonable results for residual nuclei production,
==the new evaporation model must be activated and heavy fragment evaporation should
==also be activated. Coalescence should also be activated.

Electromagnetic transport of electrons and photons — included; lower

transport thresholds set to 500 keV for e” and 10 keV fory. % PHYSICS Type: EVAPORAT ¥ Model: New Evap with heavy frag v
Zmax: 0 Amax: 0
2% PHYSICS Type: COALESCE ¥ Activate: On'y

LAM-BIAS ... STOP : 34 cards

Residual-nuclei production — included via the RADDECAY and DCYSCORE
cards.

< Gjinput * < [TITLE ... ASSIEVMAT : 59 cards 2 e = =
D e#General e mibmmimis i mim e 5w thie = B m b i B mmim e B i P b B
Nuclear evaporation — enabled through PHYSICS EVAPORAT, allowing the Egg’;“;gw :;";’Fgg? by reglan): 5°f ey :"”' 18 kav nre.
. . . . . Type: transport v
de‘eXC|tat|0n Of h|gh|y eXC|ted nUCIe|. > @Media e-e+ Threshold: Kinetic v e-e+ Ekin: 0.0005 v: 1E-5
P $&Physics Reg: ENVIRONY  toReq: @LASTREG Y  Step:
. ¥ Transport ==production (by material): 500 keVv e-/+, 10 keV gamma
Coalescence of light fragments — enabled through PHYSICS COALESCE. Oocrmmes % EMFCUT Type: PROD-CUT v
:IEI::!ZCRUO‘II;I e-e+ Threshold: Kinetic v e-e+ Ekin: 0.0005 v: 1E-5
Fudgem: 1. Mat: HYDROGEN v 1o Mat: @LASTMAT Yy Step:
Photo-nuclear reactions — included and accelerated with a ”é”:g;r:y e e e e e e
: s ¢> PART-THRES Type: Energy v £ 1e-06
- - - P>
mean free path b|aS (LAM BIAS) D;:::::: Part: PROTON v to Part: APROTON v Step:
<> PART-THRES Type: Energy v £ 1e-06
Part: ANEUTRON v to Part: @LASTPAR v Step:

Muon, photon and neutron interactions — fully enabled by the
corresponding PHYSICS, PHOTONUC and scoring cards.

e e e e R Lt e S e - Lt R L S ey EE LS Sttt -]
==requests simulation of decay of produced radioactive nuclides
==default cuts are values of 10 and 10...FLUKA multiplies by ©0.1 for real cut
<% RADDECAY
h/p Int: ignore v
e-e+ LPB: ignore v

Decays: Activation v PatchIsom: On v

h/u LPE: ignore v h/pww: ignore v e-e+Int: ignore v
e-e+ WW: ignore vy  Low-n Bias: ignorey Low-n WW: ignore v
decay cut: 1.0 Coulomb corr: On v
definition or irradiation pattexrn

Replicas: 3

Secondary (bremsstrahlung) radiation — handled by FLUKA’s built-in
electromagnetic model.

prompt cut: 1.0

PHOTONUC ... STOP : 38 cards

==1 nC x 1@ Hz

® IRRPROFI At: =1000%hour p/s: =(6.24e18)*1e-09*10
At: p/s:
At p/s:

® DCYTIMES t1: =1*hour t2: =1*day t3: =7*day
t4: =14*day t5: =30*day t6:



Residual Decay Settings

|TITLE ... RADL=:CAY : 66 cards = = =
==definition of irradiation pattern Beam intensity
==1 nC x 1® Hz x 5@ bunches per train electrons per second
& IRRPROFI At =1000%hour p/s: =(6.24e18)*1e-09%10*50
Py A re-
fAY I F:l-'_'-.
AL ps:
|DCYTIMES ... STOP : 41 cards

Irradiation Exposure Time

TTLE... IRRF.J:DFI: 65 cards

Defines how long and with what intensity the system
is irradiated (e.g. 10 sec, 10 h).

Irradiation profile (IRRPROFI): 1 nC per pulse at 10 Hz
with 50 bunches per train, giving 3.12 x 10" primary
particles per hour.

Specifies moments after shutdown for dose

© DCYTIMES ”3:"*“;'” t2: :1*“:3' w2 =7rday evaluation. Decay times (DCYTIMES): residual-dose
td: =14% t5: =30% t6: .
! i v ’ evaluations scheduled at 1 h, 1d, 7d, 14d and 30d
after beam shutdown.
TITLE... PART THRES : 63 cards = . . *~ With RADDECAY, FLUKA simulates the

==requests simulation of decay of produced radicactive nuclides

«+ RADDECAY Decays: Activation ¥ Patch Isom: On ¥ Replicas: 3

decay cut: 1.0 prompt cut: 1.0 Coulombcorr: QN ¥

T e T T e P T

h/p Int: ignore h/p LPE: ignore v h/pww: ignore e-e+ Int: ignore v
e-e+ LPB: ignore v e-e+ WW: ignore¥ Low-nBias: ignorey Low-nWW: ignore v

entire chain of residual radiation, including

==default cuts are values of 1@ and 1@...FLUKA multiplies by ©.1 for real cut B-decay, y-emission, and neutron emission

from unstable nuclei.
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