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Lutetium–yttrium oxyorthosilicate (LYSO):
● By weight: 73% Lutetium, 18% Oxygen, 6% Silicon, ~0% Cerium (dopant), 3% Yttrium

● X
0

 = 1.14 cm , R
M

 = 2.07 cm

● Decay time = 40 ns

● Light yield 30,000 γ/MeV

● λ
peak

 420 nm -> conventional PMTs

● Radioactive (< 1 MeV constant rumble) [ Omar will address ]

● Non hygroscopic

● No Temp dependence

● n = 1.82

● Not so cheap … ☹, but nothing is …



The 311 Crystal Array and its 8 individual elements (to scale)

Pent - HexA - HexB - HexC-  HexF - HexD, DM - HexG

HexG is largest and will be ordered soon to allow SICCAS time to practice their 
fabrication process

Frame locks in positions. 
Each Xtal can be 
removed, or groups can 
be removed 

On rails, moveable, onboard electronics



PMT for high rate, linear, “blue”, and tapered base

Anna  working with Hamamatsu

Optical epoxy with n~1.62 optimizes transmission
(e.g., Zeiss OK2030 used in g-2)

Omar will explain later the 
impact of getting the PMT right

2 MeV, but 
different HV



Mechanical (rail/pivot/frame), another view



LYSO in the DAQ under development

● Fast, pedestal-subtracted running total energy sum
○ not LYSO-specific

● Segmentation additionally allows:
○ Compact event size

■ Intelligent sparsification a possibility
● eg., threshold + nearest neighbors

○ Running mass / angle calculations for π0 triggering
■ Can be included in phase 1 for study / tuning

○ Potentially interesting triggering flexibility 
■ Eg., interesting decay topologies for new BSM models?

From Lawrence;  see his Collaboration Meeting talks about this system



Crystals, PMTs, Digitizers, Mechanics, Calib cost 
DIGITIZER SYSTEM

Channels     Apollo CMs     Boards / CM    #digitizer crates 
 330                      2                      14                         2

Digitizers                 $363K
Digitizer crates $5K
Apollo CMs $40K
Server+firefly PCIe $426K
Total $434K

These are the base inputs used to calculate the above

Apollo CM count:
104 firefly channels / CM
4 channels → PCIe
4 channels → command CM
8 (4) channels → nearest neighbors for LXe (LYSO)
4 firefly channels / board
22 (23) boards or max 264 (275) channels per CM
Assume channels get split uniformly among the CMs

Rough crate cost
vector card sub rack:   $300
vector fan tray:        $400
card guides: 14 * $50 = $700
power backplane         $500
power supply            $400
Total                  $2300

Other costs
PCIe firefly PC card: $3000 / module
Digitizer cost / channel: $1100 (builds in 10% infant 
mortality+spares on nominal $1K / ADC from the BOE exercise.  
Engineering costs not included in this number, only production.)
Server for readout (1 / CM): $10K
Apollo CM cost          $20K

Lawrence Gibbons

Max, largest PMTs, all assumblies $343k

Anna - Hamamatsu quote

Crystals: $9200 k
Includes custom roughening
Assumes 80% yield and 
passing QC

Mechanical:
-Engineering (UW/Ryan)
-Frame&Rails (~$100 k)
-Incidentals (UW)



Brief review of LYSO Performance in 
Recent Test Beams

(see submitted paper)

arXiv: 2409.14691



10 Crystal LYSO Array

Ten 2.5 x 2.5 x 18 cm3 LYSO crystals 

wrapped in ESR tested with:

• 30-100 MeV positrons (and 210 MeV 

muons) at PiM1 beamline at PSI

• 17.6 MeV gammas at CENPA

Measurements of:

• Longitudinal response uniformity (LRU)

• Time resolution

• Energy resolution

• Spatial resolution

17.6 MeV 𝜸  CENPA RUN

𝛄

30-100 MeV e+ PSI RUN

NaI(Tl)

LYSO



PMT
PMT
PMT

LRU using high energy 
muons
• PiM1 is ideal up to a few hundred MeV/c

• ΔP/P measured to be <0.65% 

• Muons @ 210 MeV/c used for transverse tomography

Scint

T0

3%

μ
Distance from PMT

1          4           7         10          13       16  cm

23 MeV MIP deposit 
in each crystal

Peak tracked along 
longitude of crystal

~3% LRU – strong agreement with 
single crystal LRU measured in the lab



Time resolution of LYSO array

t1 t2

t1-t2
<200 ps resolution for 
pulses larger than 10 MeV

The time difference between the most energetic hit 
in the array and less energetic secondary hit times 
was used to determine time resolution

dt = a/E ⊕ b



Energy/spatial resolution of LYSO array
• 1.8% energy resolution for 70 MeV e+ 

• Surrounding NaI detectors used to veto 
events with leakage from the LYSO

• Significant noise contribution due to 
PMTs

• 2.6% energy resolution for 17.6 MeV 
gammas from p-Li reaction

• No NaI detectors
• PMT voltage dividers upgraded which 

reduced noise

• 0.6 cm spatial resolution using energy 
sharing between crystals in the array

dE/E = a/E ⊕ b

CENPA PSI

2.6% @ 17.6 MeV
Improved PMT bases allowed for 
higher operational voltage that 
lowered noise 

1.8% @ 70 MeV
High noise due to low PMT 
operational voltage degraded 
energy resolution

2 MeV pulses



Uniformity across Crystal Boundary at 70 MeV
• Used X-Y hodoscope and moving table to scan front of array



Current Status of LYSO reconstruction in Simulation

Truth Energies 
and Times

Waveforms

Waveform 
Fits

Detector 
Response

Reconstructed 
Energies and 

Times

Clustering 
Algorithm

Event Recon 
(Clusters + 
ATAR Info)

Complete Reconstruction of PiBeta Event

Approximately 6 crystals are lit up per event and most of the 
energy is deposited in a single crystal. Showers can be very 
asymmetric at the PIONEER energy scale.

Detector response 
can be skipped



Conclusion of factual presentation
Part II will address:

● Prototyping and development timelines

● Calibrations

● PiBeta

● Effects of gaps between crystals

● LYSO radioactivity

● Tapered crystal effects on uniformity



Backups follow



Optical cements


