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* PhD: High-energy electroweak physics (ATLAS @ CERN)

* PIONEER Work
* Liquid xenon calorimeter simulations (full calo)
* Liquid xenon prototype DAQ




Keyhole Geometry Update

 Complete redo of LXe calo full detector geometry based on most
recent engineering drawings
* Includes LXe material property updates

Old “bullet” Keyhole
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Keyhole Geometry Update

* |Inner detector components built similarly to LYSO configuration
* My simulations use calo-only geometry; Ayaka’s reconstruction uses full
detector geometry (image on left); both with complete photosensors
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Keyhole LXe Calo

_ 143° * Fiducial volume: 6 = [0, 120]°
* 5tonnes of LXe

“Pacman_keyhole” in json

Core parameters:
a =35° N | N
Rin =15cm ,F ' NN Aniiy  sRERDEESLE > Z
Rsipm =17.13 cm
R.ctive = 19X, = 54.568 cm

R

active

® = calo center
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Photosensors

Inner SiPMs

Outer PMTs

Inner (SiPM) and outer (PMT) photosensors:

* ~40% coverage = 650 PMTs, 600 SiPMs
* Cone photosensors (SiPMs):

* ~30% coverage = 440 in current geometry
e still to be optimized based on beam, ATAR requirements
* Rough estimate of dead material included
e central locations of each sensor by volumelD in Cartesian and spherical
coordinates calculated and saved in a csv after each geometry build
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Smeared Energy Resolution
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Simulation parameters:

50 Million T — ev events (no optics)
pion decay at rest from center of calo
no other detector components
Fiducial volume cut: 6 = [0, 120]°

Assumed 1% intrinsic energy resolution
Impact of dead material alters
resolution from 1% to 1.1%

> effect of dead material is small



Optics — Photon Hit Angular Dependence
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* only looking at peak of distribution
* consistent photon hits across calorimeter fiducial volume
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Optics — Energy Resolution

* Photon energy resolution from optics
simulation is scaled and overlaid on top of
truth-level energy deposit

Photon Hits * Improved, more accurate calorimeter

\ (keyhole, photosensors) shows 1.5% energy

1\ resolution using crystal ball fit without any

\ weighting (additional plot in backup)
* Previous results from ~September showed

v ~5% unweighted energy resolution

e drastic improvement!
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Optics — Energy Resolution
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50k events with 70 MeV pencil beam
positrons fired at 8 = 0°, 45°, 90° (¢ = 90°)
from center of calo
Unweighted energy resolution fit using
crystal ball (same as previous slide)

e fiducial volume: 6 =[0, 120]°
E res worsens with 6, but this can be
improved with weighting as cone
photosensors become more important
Reminder: m = ev Eres =1.5%
Note: previous results with old simulation
setup gave ~2.5% E res for 0° pencil beam
Expect weighting to give ~1% energy
resolution for m = ev in full fid. volume



Further Improved Geometry?

* Cut the calorimeter entrance
area such that the distance to
the final quadrupole magnet is
the same for LYSO and LXe

Solves many potential LXe calo

downsides:

* same number of pions on
target for both calorimeter
options

_ * reduces number of

. photosensor channels

| * reduces required volume of
LXe by ~9% (saves ~S3M)

| But what about energy resolution
= and tail fraction?
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Energy Resolution and Tail Fraction

Original Reduced Original Reduced

0 =[0, 120]° 0.251 0.269 1.111% 1.117 %

0 =[110, 120]° 0.329 0.439 1.153 % 1.186 %

0 =[115, 120]° 0.364 0.509 1.171 % 1.216 %
Quad “9 ))} i *-‘:.‘_I%‘s

“Reduced” — 42 cm distance from
guad in Stefan’s beam simulations
—same as in LYSO scenario

“Original” — 77 cm distance from
qguad in Stefan’s beam simulations
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Summary & Next Steps

* Updated liquid xenon calorimeter in simulation gives much
improved truth-level results, both with and without optics

* Energy resolution can be further improved with weighting factors,
similar to what is done by MEG

* Potential to update the design of the LXe calo to reduce distance
to quad, matching that of the LYSO setup

Next Steps:

e Continue with new(er) geometry by implementing photosensors
and studying optics

* Complete full weighting analysis with more detector solid angles

* Multiple minor optics improvement to implement in simulation

e Use results to inform final engineering design
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Backup
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Optics — Photon Hits
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Optics — Photon Hit Angular Dependence

Edep =[68,73] MeV

Edep =[68,73] MeV
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Simulation parameters:

* 100,000 T — ev events with optical photons

pion decay at rest from center of calo
no other detector components
Fiducial volume cut: 6 = [0,120]°
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Optics — Energy Resolution
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esolution and Tail Fraction
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Energy Resolution and Tail Fraction —
Extreme Reduced Calo Length
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Just as a quick fun test!
- tail fraction becomes very bad, as expected
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Cones: (0.5%dz, rl ., ML o s 2imin » F2max)

Build Basics

3 cones:
* Inner cone connecting to

inner window

Spheres and cones! * Outer cone connecting to
 multiple layers for support outer window
h * SiPM support structure cone
structures, photosensors * Each of these cones must be
* Additional parameters: subtracted from their respective
e dSipm, sSipm, dPMT, etc spheres

* Opening angle a always preserved

21
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Build Basics

Spheres and cones!

* multiple layers for support
structures, photosensors

Additional parameters:

dSipm, sSipm, dPMT, etc

January 8, 2025

Spheres: (rinl Fout» [emin; emax] ’ [d)minr ¢max])

Vacuum shape is a large sphere
with a conical sphere subtracted
from it
* livesin main volume
e all other major shapes live in
(i.e. their mother is) the
vacuum shape
6 spheres, each with 6 = [0, 180 -
a]
* Inner window (thickness =
dWinlnner
e OQOuter window (thickness =
dWinOuter)
* Inner SiPM support structure
(thickness = dSipm)
* Active LXe volume (thickness
= rActive)
* Quter PMT support structure
(thickness = dPMT)
e OQuter tank shell (thickness =
dShell)

Ben Davis-Purcell

Cones: (0.5%dz, r1, i\, ML s imin » 2max)

3 cones:
* Inner cone connecting to
inner window
e OQuter cone connecting to
outer window
* SiPM support structure cone
Each of these cones must be
subtracted from their respective
spheres
Opening angle a always preserved
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“True” photosensor implementation plan

LXe
/
\ / sensor window
\ / sensitive detector

\ / base of sensor

\/\/ support structure
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