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Remoll Simulation Framework - GDML Geometry
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GDML view R 4 i GDML interface used to keep
. ] geometry development
independent from simulation core.

Coordinates measured wrt to
@ hall center. For example: target
z ~ -4.5 m, main detector plane
z~22.2m, efc.



GDML geometry Lintels Collar 1

Collimator 4

Collimator 2

Collimator 1

Photon Blocker Collimdtor 5 Colliméator
Collimators - CW90, some Cuin2 and 4

Lintels and Collars - Lead




Remoll Simulation Framework - C++ Core

Beam generators: Physics generators: QGSP BERT HP used as
- A_cculrattely ' - Large statistics,  pysics list (accurately simulate
simuiate sma less time neutrons upto low energies)
angles and - Define
photon acceptance Magnetic field maps developed
backgrounds defining by TOSCA
- Effect of radiation Beam Physics collimators and
on experimental ] detector tiling. Geant 4.10.6 and 4.10.7 used
components i ¢ for all studies
rd r'4 A A
Aluminium Pion Inelastic (in) Elastic (ep) Moller (ee) 100 M events for beam
P generat(?r and 10-20 M events
/ $ \ for physics generators are
' X required for most studies
Inelastic (inAl) Quasielastic (qAl) Elastic (eAl) I
Remoll used for all simulation

studies except for dedicated
detector optical simulations




Remoll Simulation Framework - Benchmark Plots
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Clean separation of moller signal Default angular ranges for physics Physics generators combined
peak from backgrounds at the generators: match beam generator radial
main detector plane provided by 1) Moller : 30-150 deg in COM distribution at main detector for
spectrometer magnets 2)  Elastic: 0.1-2 deg in lab primary particles within
3) Inelastic: 0.1-5 deg in lab acceptance

Moller peak - ring 5
Elastic peak - ring 2 and 3



Hall Boundary Radiation Dose

High current, high energy => Need to carefully
consider prompt radiation dose rate measured
with radiation monitors around hall perimeter.

Target and collimator-1 => Greatest sources

Focus on >=30 MeV neutrons reaching the roof of
the hall => Greatest shower probability

Estimated PREX-2 dose: 0.9-2.2 mrem/yr
Measured dose: 953 MeV energy, ~70 uA current,
114 C charge on Pb-208 target => 1.24 mrem/yr

MOLLER estimate: 11 GeV energy, 65uA
current and ~660 C charge on LH2

Method Estimated Dose
Rate (mrem/yr)

Geant4 56 +/-3.0

Fluka 6.3 +/- 1.1

Estimated hall boundary dose rate
well under DOE/JLAB prescribed
limits of 100/10 mrem/yr.




Radiation effects on electronics

Radiation Damage

Single Event Effects

Single Event Upset

Detector Region

Radiation sensitive components =>

PMTs, bases, GEM electronics

Single event effects not a concern based
on experience with similar flux in the past

PMT TID ~ 60 kRad, a factor of 5 below
safety limit for degradation and NIEL

dose ~1e12 n 1MeV eq

Cumulative Effects

Single Event Latchup Total Ionising Dose

NIEL damage

Magnet Power Supply Bunker
(Concrete)

SBS bunker

Houses spectrometer magnet
power supplies and
miscellaneous electronics

Radiation level inside bunker ~
15 kRad satisfies engineering
controls

MPS bunker  Detector Region
SBS Bunker (Iron/Steele)

Houses DAQ electronics

NIEL dose inside bunker
~2.2e9 n 1MeV eq

TID under control in sensitive
areas and NIEL dose well below
commercial electronics safety
limit 17e13 n TMeV eq



Spectrometer Magnet Radiation Studies

Looking upstream

Single coil offset single coil/ single
position tolerances offset tolerances

= Allowed change .
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Consider
geometric
constraints and
clearance from
particle envelopes
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I 3 mm W does the trick everywhere. - SpeCtrometer CO”S l
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Optimized shielding on spectrometer coils for worst
case configs. Maximum dose at most spots contained
under ~100 MGy for both upstream and downstream

Beampipe intrusion for the SAMs
(~0.5m upstream)

_ Limiting aperture in dump tunnel

" (~0.5 m downstream)

Dump entrance flange

" (same z location as plots)

Created worst case field maps
and checked clean transport
to dump

CTD-403 insulation and Gl
inner support modeledias
single effective’material

DeWnstream W
belly plates




Effect of Ferrous Materials S e

events per beam e

Source of high asymmetry backgrounds _ _ ,

1) Virtual planes in possible
location of Ferrous materials

2) Run many (~100M) beam
events for population on those
materials

3) Run secondary simulation of
that population, into ferrous

Ferrous

Stainless steel needed for some
bellows, some support and
service components.

Ferrous steel in other locations,
including small components in

support structures and motion component. Measure signal at
mechanisms. main detector.
Collar 0 US enclosure DS enclosure Drift pipe Detector pipe SAM detector pipe

. " 0D =54.76" . . . . .
Gue oS 0D = 100" ‘ supportof  Mlinimized ferrous materials in
= i 5% s “ dump entry h h ﬂ .

— l"""ﬁl.... \ pipe Ig ereglons.
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at detector planes under
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window
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d e s .
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window
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Detector Tile Optimization and Deconvolution Analysis

nm;{:1 .sz ‘R;gial distributio e/n E>1 Mev';gr open region e = 1‘1"‘5;;‘ 'Es d Radial v;--' ions e/x E>1R';ler°r0pen regi;g
Analysisbasedon [ T T T T T BT T T e T
virtual detector 3 < woboitl ] TR | epiinlastic | -
plane at 22.2 m = e L ;J[H ! ; —— eMielastic |
from hall center 2 : y L DS g
5 ol : - eAlinelastic |
107 - :
Main detector tile ar | -
dimensions initially i i ]
guessed from T “E | ]
dilution*asymmetry | . :
plots that help to 0.6 86 0.7 0.8 0.9 1 1.1 1.2
e . . r [m]
distinguish kinematic
regimes Overall
Name Asymmetry uncert[ppb] relative uncer
Can recover simulated moller -34.72 0.72 2.09%
asymmetry with desired ep Elastic -29.05 1.58 5.45%
relative uncertainty based ep Inelastic W1 -523.36 77.23 14.76%
on 5 process deconvolution ep Inelastic W2 532.61 51.86 9.74%
analysis ep Inelastic W3 439.16 98.80 22.50%



Optical Simulations for Tuning Detector Lightguide

Ring 5 Mean PE (Offset -2 mm)
Simulated 8 GeV electrons incident a0

perpendicularly on quartz and light i Simulation

guide sections separately benchmarked with
beam tests at Mainz

and cosmic tests for
Ring 5and 6

Light guide parameters and possible variations

Lower Funnel Downstream Angle (a| ) [Deg]

14 15 16 17 18 19 20 21 22
Lower Funnel Upstream Angle (a} ) [Deg)

Ring | d4 al a2 dé d3 SS Mean Excess
(mm) (mm) | (mm) | (mm) | (mm) | (mm) | PE noise (%)

2 20 18 22 -2 75 400 22 10

3 20 18 22 -2 75 300 10

4 20 17 22 3 75 200

5 15 18 19 -2 75

20

17 20 83




Conclusion
Geant4 simulation studies play an important role in ensuring efficiency and safety
of equipment concerned with spectrometer magnets, detectors, and shielding.

Completed significant studies Upcoming studies
1) Hall boundary dose under control 1) Improve details in GDML geometry
2) Spectrometer magnet coils well shielded (real detectors instead of virtual
3) Background levels at detector under control plane) and look at CrOSS_'talk-
4) Ferrous materials minimized in high flux 2) For spectrometer dose, implement
areas detailed conductor cross-section
5) Detector tiling dimension and positioning oy lafgli efose .absorblng segme.nt.
. Compare against stress analysis
optimized . :
: : from CTD403 irradiation studies.
6) Deconvolution analysis performed to show
robustness of analysis etc....

7) Dedicated optical sims to tune lightguides



Acknowledgement

Remoll Simulation Framework Maintenance and Development: Rakitha Beminiwattha and Wouter
Deconinck

Shielding and deconvolution studies: Ciprian Gal, Zuhal Demiroglu, and Sakib Rahman

Collimator design and particle envelope creation: Chandan Ghosh

Ferrous material studies: Caryn Palatchi and Kent Paschke

Spectrometer simulations: Juliette Mammei, Damon Spayde, Sakib Rahman, Nazanin Roshanshah

Main Detector Optical Simulations: Michael Gericke, Krishna Kumar, Jonathan Mott, Chandan Ghosh,
Tausif Tajwar Bhuiyan and Sakib Rahman

Thanks to all other contributors working on MOLLER simulation studies.

Funded and supported by USDOE, NSERC, NSF and CFI.
Computational resources from Alliance Canada, JLab and Open Science Grid




Backup Slide

BN



Particle Envelopes

Moller scattered
electron envelope

Lintel {in open sector of
each septant)

Elastic-ep scatterered

Adjustable links
electron envelope

Coil cross-section
Outer photon envelope

il cl
sl Inner photon envelope
Clamp notched to DS SC-4 center
provide clearance bulkhead

to envelopes



Photon Backgrounds at Main Detector Plane (z=22.2m)

Radial Distribution (1/e/5mm)

All - Purple
Primary Electron - Black |
Secondary Electron — Red Raw photop background rate'

, relatively high compared to signal
at detector plane but effect
mitigated by comparatively low PE
response (1/500) of Cerenkov
detectors for photons relative to
signal electrons
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