Vacuum calculation
output: pressure

profile data

Calculate the gas pressure
profile using molflow+

Event generation
output:

SR photon production
output: file with photons

file with events

Read synrad+ output files

and prepare events that

contain SR photons within the

integrated time window (e.g.,
100 ns) using photons’

? weights (rates)

Produce “technical” single
photons (vertexes,
momentums, and rate) using
synrad+

Let’s focus on this step
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Detector simulation
output: file
with hits

Run ddsim (actually npsim)
using the input .hepmc file
with generated SR photon
events and the default ePIC
detector geometry

Synchrotron radiation

(SR) data production and

analysis scheme

Reconstruction
and analysis
output: file
with ntuples

Create a dedicated
eicrecon plugin to store
ntuples and histograms with
the detector hit information

Plot the final figures



Synrad+ GUI limitation ParticleLogger &0

Thiz tool allows to record all test particles hitting a chosen facet.
Only one facet can be recorded at a time.
The recording must be exported, it is not saved with the file.

r Recording settings

e The geometry (beam pipe) is made of an [Enehisiieoghn

. Facet number: I28?42 | ¢~ Get selected
assembly of ~29k facets (triangles and Mas recorded: 100000 22 ME
rectangles) imported from 3D CAD Apply |

e Unfortunately, the GUI allows to store the | [ Resur

Ma recording.

information about the photons hitting the = ‘ ) |

Copy to clipboard | | Export to CSY

beam pipe only for one facet at a time L
. SEASSS
e Although, only up to 1k facets are hit by Nsﬂ_ﬂsg :?/

photons, it is extremely time consuming
procedure to store this information for each
of them (to type facet’s ID, run simulation,

export data to csv)
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Possible solution

Instead of collecting photon data from ~1k facets, we can create a
phantom beam pipe with a simple geometry inside the real pipe and
collect the data. The phantom pipe is an ideal absorber.

e Pros

o Only 36 facets — easy to store the data (~40min)
e Cons

o Detailed information about scattered photons is lost
e Proposal

o Synrad+ — Geant4 transition for the SR simulation
Andrii Natochii | Nov 2023




Steps to be done

1. Convert vacuum beam pipe structure into the
Geant4 model
2. Create magnetic regions
a. Jdipoles + 2 quadrupoles
3. Implement SR photon reflection from the
vacuum-metal interface

4. Collect absorbed photon hits
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Vacuum modelling in Geant4

Geantd
From Charlie: .
“Detector chamber 211004 mm.stl” G4Solid made of
vacuum

Vacuum space \ T

4/ Built using CADMesh.hh [link]

//5///,, )

V7

N

Andrii Natochii | Nov 2023


https://github.com/christopherpoole/CADMesh

Magnetic field implementation

Overlap with the - — —
e
magnet volume | I

|

-
7

[ L
e In Geant4, the EM-field can be associated only with a logical volume (describes the element properties)

— Assign the magnetic field to a part of the vacuum (locally)
Andrii Natochii | Nov 2023



Magnetic field implementation (2) Geantd
IR e T Y - —
Vacuum pipe extension
IP6
< I | - S N = | |
Distance (m) 100 75 50 \\\ N Ny 25 0
i DSEF  D4EF \\‘l;\i\EF\.l:\Q]\.EFl
New version Seee—i—ee, o=t & = e 8 E S
DS8EF D7EF DG6EF D3EF1 D3EF2 D2EF2
CRAB .
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Closer look at magnets
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i The geometry is visualized in the
Stop photons at the end of the pipe A il

e Stop photons that escape the vacuum through the beam pipe ends
e Do not add them to the output data

Geantd

Andrii Natochii | Nov 2023



SR scattering process

e SR scattering process is not implemented in Geant4
o ltis available only for optical photons

Task:
Create “new physics” for SR gamma rays
e Fresnel formulas for reflection probability
o Use an extended CSV table from Synrad+
e Specular reflection (mirror-like) including surface roughness [link]

vacuum

metal (Cu)

reflection angles (©, ¢)
are randomly offsetted

Geant4
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EXPLANATION OF TABLES continued

TABLE IIlI. Specular Reflectivity for Mirrors: Be, C, Al, Al,Os, SiO,, Ni, Cu, Mo, Pt,

and Au
Line, E
0

P(%)

As in Table I

Grazing incidence angle in milliradians

100 X I(8)/1Io, the reflection intensity ratio calculated by
Eqgs. (54),(55),(56),and (57) for unpolarized incident
radiation; this quantity is listed below each 6 and plot-
ted vs photon energy

https://doi.org/10.1006/adnd.1993.1013

B. L HENKE, E. M. GULLIKSON. and J. C. DAVIS

X-ray Interactions,

TABLE 111 Specular Reflectivity for Mirrors
See page 211 for Explanation of Tables

Copper (Cu)
» = 8.96 gm/cm
Grasing Incidence Angle, 0 (miliadians)

Line B(eV) | smr | 10mr [ 16me | 20w | s0me | some | somr | 125mr | 200mr | 400 mr
Al Lag 74 [ore |53 [o30 [oos [ses | 78s | er7 | ss0
Si Lag 015 (973 | oa7 [o22 |07 | ss0o | 762 | 645 | 406
B 1085 (072 | sa4 | o7 | 8o sa1 | 748 | e2s | a0
zr M¢ | asia|ema 943 | o1e | 80 |30 | 744 | es | 4556
Ka 1833 (072 | oas | ouo | 804 | a5 | 782 | 626 | 457
¢ Ka | 20973 | oas |22 (o7 [so |78 | o9 | 403
N Ka | 3024|974 |oas |o22 |so7 |ses |77 | 578 | 200
Ti La 4522 (o714 | 049 | 024 | s | sao | 745 | sas 0.01
Ka | 5249 | 973 | 947 | 022 | 806 | 844 | 728 | 453 3.58
ce La 5728 | 073 | ea7 | o21 | ses | sa1 ne | 32 216
F Ka | 6708|073 | oas [ Lo 837
Co La 762 | 969 | 930 | 908 ‘ase
N La 8515 | 963 | 926 | sas 169
Cu La 0207 [ 714 | s07 | 387 7.64B2
Zn La | 1017|870 | 785 | 650 200
Mg Ka | 12586 |s0s | 803 | ma2 123
A Ka | wser|oi2 | 29 | 748 65782
Si Ka | 17400 | 921 | sa3 | 761 35182
Zr La | 20024 | 028 | 84 | 772 8382
O Ka | 2024|937 | s | 773 6.50E-3
Ag Lo | 20843 | 041 s72 | 761 80B-3
Ca Ka | 3o0u7|oa7 | s74 | 623 15783
T Ka | 45108 | 951 864 9.09 7B
vV Ka | 49522 [ 953 | 845 515 4.87E-q
Cr Ka | sata7 | 955 | 789 298 3.23E-4
Mn Ka | seoss |oss | a7z L8 22684
Co Ka | 69303 | 957 754 94 L18E-4
N Ka | 74782 | 057 444 342 B.32E5
Cu Ka | 80478 | 955 276 a7 6015
Ge Ka | 98864 | 665 1ot 160 2.798:5
Y Ka | 149880 | 535 1| 30082 58586
Mo Ka | 174790 | 220 | 8.90E-2 | 1Lo4E-2 318E-
Pd Ka | 21177, 833 | 39782 | 751E3 147
S Ka | 252710 | 365 | L91E2 | 365E3 7.24E-7
Xe Ka | 207700 | 176 | 9.70E-3 | 187E3 3BT

°
e
o | TN
= Ny ™\ 125
RaN =y
RNy, N\175\ )
_8 d 20
R N 25
= N
[ . M A\
g
N 20 l
o | La00!
400 50
85 N
°
50 100 1000 10000
E (eV)
312 Ao Dats and NocinrDat Tabes, Vol 54, o 2.y 1980

10



https://doi.org/10.1006/adnd.1993.1013
https://molflow.web.cern.ch/node/116

Inputs and outputs

e The output ROOT file contains:
o Initial electron coordinates (r, p, E)
o Absorbed SR photons coordinates (r, p, E, t)

o Absorbed SR photons production coordinates

o Simulation parameters (geometry configuration)

e Geometry configuration is described in the XML file & , et

</world>

o  Magnet settings

file" name="fi
</beanpipe>

name">../geometry/beam_pipe_20231011_Zup.obj</sec>
beam pipe extension —
- <extension>
<sec des el Y i m">370.0</sec>
& <sec des: s i ">20.0</sec>
o <sec des t e" unit='"cm">-3350.0</sec>
o Beam parameters

synrad model —->

o Absorbers - 4

G RadiationInMat® name=: ">1¢</sec>
</srmodel>

<genecut>
<sec desc="ganma ener
</genecut>

gamma energy cut -->

beam parameters —->

particle”

">7.61776450600800E+00</sec>
n">8.00000000000000F +00</sec>
cm">-3.71513783800000E+03</ sec>
"15-2. 48090543441244E-02¢/sec>

" unit="">9.99692208043331E-01¢</sec>
">18</sec>
it="">0.109e-2</sec>
n">202. 4452538</sec>
m">128.4636335</sec>
"m">-0.,02443133971</s6C>
m'>8</sec>

d z it="">0.01315593226</sec>
fsret ctapy’ unit="">0</sec>
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SR simulation results _ , ,
Applying the Ey cut at 5 keV speeds up the simulation by a factor of 3

Photon tracking is time-consuming

SR photon energy ) SR photon position, E _ > 0 keV
o “
- nly ¢ r
§ E, > 0 keV [nEntries = 4.9e+05] Only coppe
2
- 10%
"g 10t E, > 5 keV [nEntries = 3.1e+05]
1e5 generated electrons in total
‘7g000 -3000 —2000 -1000 o 1000 Z, [cﬁ'iﬂﬁ
10°
0 \\ SR photon position, E . 5 keV
= Only copper by 0
102 E_ of 10
e l‘“‘ mf ©
x1 03 —zo;—
0 20 100 o B 4
E’Y [ev] 73000 -3000 —-2000 -1000 o 1000 Z, (czmbl 0

12
Andrii Natochii | Nov 2023



Andrii Natochii | Nov 2023

68.69231 cm

IP beam pipe

B L HENKE, £ M. GULLIKSON.snd ) € DAVIS

httgs:/ldoi.org”0.1006/adnd.‘ .1013

TABLE I, Specular Reflectvity for Mirrors

reflection
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https://doi.org/10.1006/adnd.1993.1013

ePIC background (low statistics, for demonstration only)

ePIC hit rate [arb. Units] for only 1000 electrons without the energy cut

1072

107

Tt N, Lepia:
ec"efEndc‘apH.ca/E"dc "o/, reltyy PG Sar, elk, s “CALty
lts its
Subdetector
A dedicated EICrecon analysis plugin was created to analyse the
eic-shell simulation data 14
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Next

Benchmark the Geant4 SR simulation by comparing its results against

A SR distribution in Synrad+

A Beam pipe geometry in eic-shell

Run the high-stat EIC background simulation using eic-shell

d EICrecon analysis is the most time-consuming step (multithreading option is needed)
Study the contribution of different magnets to ePIC BG rates

Optimizing the simulation

A Energy cut (e.g., EY > 5 keV or EY > 10 keV)

SR photon hits within a shorter range (e.g., 4 m from the 1P6)

SR photon masking

A Study a possible BG mitigation through the SR mask installation inside the vacuum
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