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Introduction

e APEX has been simulated using Geant4

e Several configurations, including the baseline one, have been considered
o Baseline APEX
o Side SiPMs
o Side SiPMs x2
o Detached DF (XA approximation)

e Thegoalistoobtain preliminary estimates of the PCE to motivate the changes which will
hopefully increase the APEX module PCE
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APEX baseline - implementation features

Geometry surrounded by LAr
pTP coating deposited on top of the DF
DF deposited on top of the WLS plate (WLSp)
PhotonExport filters transmission curves measured @ IFIC
495x450x6 mm3 WLSp
G2p WLSp w/ 16 mg/(PMMA kg) cromophore concentration
(Specs. measured @ MiB)
All WLSp faces covered w/ vikuiti foils - only holes for SiPMs
30 Broadcom AFBR-S4N44P044M (2x2 SiPM array each) per board
o implemented typical PDE vs wavelength curve (peaking at
~63%)
o dimensions gotten from technical drawing in datasheet
o  epoxy windows
SiPMs board placed along the 450 mm long side
Optical contact between SiPMs and WLSp
Photons are randomly generated 0.1 mm above the pTP
SiPMs facing one of the biggest WLSp faces
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From 2023/02/07 talk on Photon Collectors WG

First caveat
Frame nsM 128 nm Frame
ribs NpTP WLS ~PTP ribs
~DF substrate
Apply -
180° -
~MLS

*Not to scale

o Apply DF substrate->SM refraction here

For a realistic simulation of the DF, refraction in every surface must be simulated, but
as we have seen, refraction cannot be separated from reflection

5 .
From Geant4 user’s gUIde > Tracking and physics > Physics processes > Optical photon processes > Boundary process:

"
As expressed in Maxwell’s equations, Fresnel reflection and refraction are intertwined through their relative probabilities of

occurrence. Therefore neither of these processes, nor total internal reflection, are viewed as individual processes deserving separate
”
class implementation.
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From 2023/02/07 talk on Photon Collectors WG

First caveat

B T (AB5m)
ITC()\7 08m) T FTT?SS'(Zn (Qsm)F :s%F (a(gsm))

Within this approximation, we know what the refractive index of the dichroic
filter is (the effective r. index of the MLS) and we can compute the angle of the
light that propagates within the ~MLS using Snell’s law

Tm (Aaesm)

ITC(A7 esm) — FTnsm Neff
Nnsy (esm)'FTnsm (S(Hsm))
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DF implementation details

~PTP
~MLS

~WLS pIate 450 nm

*Not to scale

Assuming Meff >~ 1.68
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DF implementation details

Apply transmission curve here wm

~PTP

~WLS plate 450 nm

~SiPM

*Not to scale
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Results

Baseline Side SiPMs Side SiPMs (doubled)

PCE ~0.63% PCE ~ 1.23%
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Detected photons: Where in the plate were they shifted?
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APEX side-SiPMs detailed

E d the APEX. (6806
SCAPEAABe® by SipM ?6

Abs./det. by SiPM SA

76.#, R .6.81%, 6.81%
42 #] R 0.01%, 0.01%
(2

24 #, R 0.0%, A 0.0%

| F

=
)
)
Escaped the APEX (3970580 #, R 42.64%, A 39.71%)

Scintillated by LAr (10000000 #) WLSed by PTPc (9311645 #, R 93.12%,
ES caped the APEX (2379378 #, R 69.23%, A 23.79%)

PCE ~ 1.23%

— WLSed by WLSp (3436759 #, R 36.91%, A 34.37%)
Abs. by Ref. foil (338447 #, R-9:85%, A 3.38%)[]

WUSed by WLSp. (269446 #, R 7.84%, A 2.69%)mH

Abs./det. by SiPM SA (181229 #, R 5.27%, A 1.81%)c=
Absorbed by WLSp (167103 #, R 4.86%, A 1.67%)m==
Abs. by SiPM board vikuiti (949 #, R 0.03%, A 0.01%)—
Abs. by SiPM (783 #, R 0.02%, A 0.01%)—
Abs. by Ref. foil“ (117728 #, R 1.26%, A 1.18%)—
Abs. by SiPM (6446 #, R 0.07%, A 0.06%)—
Abs./det. by SiPM SA (32154 #,-R 0.35%, A 0.32%)—
Absorbed by WLSp (61496 #, R 0.66%, A 0:61%)—
Abs. by SiPM board vikuiti (11681 #, R 0.13%, A 0.12%)—
Absorbed by WLSp (6264 #, R 0.06%, A 0. 06%)—

Abs. by SiPM Boarg v1ﬁu1tlo%510 2 R 5.81‘306% AAOOO%
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APEX side-SiPMs detailed

Escaped the APEX (680676 #, R 6.81%, A 6.81%) 1]

Escaped the APEX (3970580 #, R 42.64%, A 39.71%)

Scintillated by LAr (10000000 #) wLSed by PTPC (9311645 #, R 93.12%, A 93.12%)

PCE ~ 1.23%

Escaped |the APEX (2379378 #, R|69.23%, A 23.79%)

WLSed by WLSp (3436759 #, R 36.91%, A 34.37%)

Abs. by Ref. foil (338447 #, R:9.85%,: A 3.38%)[:

WLSed by WLSp (269446 #, R 7.84%, A 2.69%) [

Abs./det. by SiPM SA (181229 #, R|5.27%,) A 1.81%)[]

Absorbed by WLSp (167103 #, Ri4.86%, A 1.67%)[]
| -

Abs. by Ref. foil (117728 #, R 1.26%, A 1.18%)e==
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APEX with separated DF (XA approximation)

APEX dimensions Escaped the XA (609388 #, R 6.09%, A 6.09%)[ ]
30 Broadcom SiPMs on just one side

Optical contact
Same DFs

Escaped the XA (4878613 #, R 53.28%, A 48.79%)

Scintillated by LAr (10000000 #) WLSed by GS PTPc (9156918 #, R 91.57%, A 91.57%) L

Esca|pe:| the XA (561850 #, R [29.65%] A 5.62%)

PCE~1.73%

WLSed by WLSp (1894674 #, R 20.69%, A[18.95%)

Abs. byl ref. cover (528704 #, R 27.9%; A 5.29%)

Abs./det. [yl SiPM SA (296627 #, R fi5.66%| A 2.97%)&

Absorbed by WLSp (273849 #, Ri44.45%1A 2.74%)[]

WLSed by WLSp (227210,#, R 11.99%, A 2.27%) [

Absorbed by frame (579567 #, R 6.33%, A 5.8%)

Abs. by ref. cover-(110430 #, R 1.21%, A 1.1%)—

Absorbed by frame (225348 #, R 2.25%, A 2.25%)==
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Summary table and conclusions

e Gluingthe SiPMs onto an small face ~duplicates the PCE
e |t also makes better use of the whole APEX surface

Configuration APEX baseline APEX side SiPMs | APEX 2x side APEX-like XA APEX 2x side APEX side SiPM APEX side SiPM
SiPMs (~APEX w/ SiPMs w/ cut w/ no DF w/ no DF,
detached DF) WLSp (MiB, SC) detached pTP
PCE (%) 0.63 1.23 2.27 1.73 pending pending pending

e Total internal reflection (TIR) seems more efficient than direct-DF based trapping
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