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LYSO as a calorimeter option

e Fast (40 ns decay time)
e Bright (30,000 - 40,000 photons/MeV)
e High stopping power

o Radiation length of 1.14 cm
o  Moliere radius of 2.07 cm

e Intrinsically segmented

BUT

e Resolution better than 4% has not been
demonstrated for an array of LYSO crystals
at 70 MeV
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Energy Resolution vs. Energy for Longitudinal Source 1750V
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e We have done a significant amount of

testing on single LYSO crystals
o  Energy resolution approaching 1.7 % at
4.14 MeV for a single crystal
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o  Stronguniformity - less than 4% : : nomy IMiV] : 5
variation within a single crystal
Crystal Tomography w/ Aluminum Wrap
e CENPA Van der Graaf test of 2x2 LYSO

® Aluminum Foil Wrap
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array at 17.6 MeV done in September
o Wewill test an array of 10 LYSO crystals
at energies ~70 MeV in November at PSI
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Production of the 17.6 MeV resonance

1. Proton of less than 1 MeV (avoid broad
resonance at 1.03 MeV) is shotinto a Li-7
target
2.  Whilein the target, the energy of the proton Lead
degrades until it reaches a resonance at 0.44 collimator
MeV and it captures on a Li-7 to produce
Be-8
3. Be-8 quickly de-excites and produces a very I W
sharp 17.6 MeV gamma (and some other
X Proton from
broad lines) beam

Li-7 target

Proton loses energy in target

Omar Beesley - University of Washington
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Our LYSO setup

e Light-tight box housing 4 crystals, PMTs and
waveguides connecting the crystals to the
PMTs

e Crystals were wrapped with smooth
aluminum foil, waveguides were wrapped
with crinkled aluminum foil, and waveguides
were coupled to the crystals and PMTs using
EJ-550 optical grease

e Crystal signals were read out by
WaveDream DAQ

Omar Beesley - University of Washington



From waveforms to an energy
resolution measurement
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Waveforms

OR trigger of -250 mV on the 4 LYSO crystals

1.

When the system triggers, a pedestal is
calculated as an average of the values of the
first 20 (out of 1024 bins) of the waveform
for each of the 4 waveforms

Each of the 4 waveforms is then integrated
(channels more than a standard deviation
from the pedestal)

The final event charge is then the weighted
sum of the charges of the 4 waveforms
where the weights are calibration constants
(calibrations discussed on next slide)

Omar Beesley - University of Washington
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Calibrations

Two calibrations were done for each of the 4
channels

1. Co-60 calibration on each of the xtals. The
double peak from the Co-60 was fit and the
difference in light output was determined
for each crystal.

2. Calibration constants from the Co-60 tests
are applied, the highest energy peak for each
crystal is measured. Calibration constants
are adjusted using the position of this peak.

Calibration constants were small - largest dataset
had calibration constants of [1,0.99187, 1.03036,
1.03502]

Co-60 Gamma Doublet Crystal 1 Calibration
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Individual Crystal Charges run04841

Counts

12000

10000

III|III]II

80001—

T

6000|<
4000

2000

0!

IllllllL,jlj[I

I

—— Crystal 1
—— Crystal 2
—— Crystal 3
—— Crystal 4

Lol Lo

sl by s by by bya g 1y

80

100

120 140 160 180 200 220 240 260 280

0l
Integrated Voltage (Qg)

0




PIONEER Collaboration

Energy Deposits in Array run06068

Fitting the resulting distribution
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Exponential
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We are interested in the Gaussian core of this peak
- core captures the imperfect energy resolution of
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1.  First, an exponential is fit to the background S e i .
region away from the gaussian core Energy Deposits in Array run06068

2. This background fit is extended to the signal EGOOO?Crystal ball fit
region and fixed 5-on background

3. Acrystal ball function (Gaussian core, power ao0of
law tail) is fit on top of this background 30005_

4. Theo/Eresolutionat 17.6 MeV is then m;
extracted to be 2.95% (Gaussian on ot )
exponential gives 2.93%) 1650. i
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MEG 17.6 MeV test

MEG performed asimilar 17.6 MeV
gamma test of their LXe calorimeter
using a Cockcroft-Walton proton
accelerator and a Lithium target

Their LXe calorimeter measured a
3.85% resolution at 17.6 MeV

Omar Beesley - University of Washington

300

250

200

150

100

50

Fig. 24. LXe calorimeter resolution at the 17.6 MeV y-line. The eve

XEC spectrum

MEG

Entries

IIII|IIII|II|I|IIII|IIII|IIII|

charge_6

p0 229.6+6.1
p1 1.249e+04 + 12
p2 452.7+12.3
p3 1.466 + 0.090
p4 1.074e+04 + 45
p5 1230+ 33.9

pa e s el

15580
9586
2405

o

2000 4000

qsum2

6000 8000

000 12000 14000

9000 region are due to the a-particles from the calibration wire sources.

https://www.sciencedirect.com/science/article/abs/pii/S016890021100687
5via%3Dihub

n the 5000~




LYSO beamtime at PSI
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Primary goals for the PSI LYSO beamtime

1. Determine the energy resolution of an array of LYSO crystals at the

PIONEER energy scale
2. Determine the losses in the calorimeter at the boundaries between

crystals
3. Identify the electromagnetic physics list that most accurately
describes albedo

Omar Beesley - University of Washington
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General detector setup - Individual Y5O

3-4-3LYSO
array

Nal(Tl) ~5 x 11 cm front

Drawings by Ryan Roehnelt

Omar Beesley - University of Washington 13
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LYSO energy resolution measurement

e Use hodoscope to select events hitting
center of LYSO array
e Walk beam energy from 50 to 150 MeV in 10
MeV steps
o  Make energy resolution measurement at
each beam configuration
o Understand “constant” contribution to

energy resolution by analyzing energy
resolution as a function of energy

e Repeat energy resolution measurement for

different wraps/filter configuration
o Unwrapped/ESR/Aluminum Foil

Omar Beesley - University of Washington
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Tests of losses at boundaries between crystals

In each measurement, we look at how the

peak position changes in each step with
beam at 70 MeV - ==

1. Measure horizontal slices of the —-

array with small steps -

\AA

2. Slowly move beam over central
boundary at multiple vertical
positions

Omar Beesley - University of Washington
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Albedo will be measured during LYSO beam tests and

EM lists will be validated

e Shoot 70 MeV e+ beam at target of various
materials (LYSO/Nal/Lead) and measure the

albedo in our LYSO array
o  Energydeposits in LYSO array primarily from
albedo
o  ORtrigger on hodoscope and clock will be
used to measure the background distribution

e Additional validation tests
o Angular distribution of albedo
o  Test~1/r*2dependence
o  Varybeamenergy

Omar Beesley - University of Washington
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Discussion

e We have measured an energy resolution of 2.95% at 17.6 MeV using a
2x2 array of LYSO crystals
e Previous MEG tests measured a resolution of 3.85% with their
calorimeter using the same 17.6 MeV gamma
e Inourupcoming beam test at PSI, we plan to test
o Theenergy resolution of LYSO at energies around 70 MeV
o Thelosses at the boundaries of LYSO crystals in an array
o The albedo reflecting back from different targets in various configurations

Omar Beesley - University of Washington
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Validation with a Nal detector

e Asingle Nal detector was placed in the same
position as the LYSO array to validate our
results

e Thisdetector was only ~4-5 radiation
lengths deep, which adversely affected
resolution, but the same resonance was
observed in this detector

Omar Beesley - University of Washington
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Energy Deposits from 17.6 MeV Gamma in Array Smeared

Simulation of 17.6 MeV test in Geant4

|2
S 700 h3
8 Entries 46858
Mean 14.51
600 | std Dev 3.308
X2 / ndf 55.26 / 20
500 Constant 7109185

Mean 17.17 £ 0.01
Sigma 0.5009 + 0.0077
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e InGeant4, our CENPA test setup was simulated 200
using an isotropic 17.6 MeV gamma source emitting
10 cm from the front face of our crystal array. A lead
collimator similar to the one use in our CENPA runs 100
is added oEa

e  Wethen smear the energy deposits in the LYSO
array with 2% Gaussian smearing and fit the
resulting distribution to obtain the resolution one
might measure

e We measure ao/E resolution at 17.6 MeV of 2.90% 20
and the peak position is located at 17.2 MeV - this
suggests that our energy resolution from the Van der
Graaf test has been smeared due to leakage from the
LYSO array (primarily aloss of 511 keV gammas)

N
o
=]

TT I|IIl||II|||IIII|I|IIIIIII[IIII|I

nfries 0
Mean x 0.09400
Meany 0.01060
Std Devx 12.59
Std Devy 1255

-20)

(=]
IIII|I[II|IIII]I||I||II||I|II

oo lamon Prns ola von Foun ol eons
-30 20 10 0 10 20

Omar Beesley - University of Washington



PIONEER Collaboration

Importance of testing the yellow filter

e Rectangular crystals demonstrate Transmission % vs. Wavelength

-
o
o

great uniformity (less than 4%
variation within a crystal)

e Tapered crystals will have a focusing
effect causing worse uniformity

e Light at wavelengths with short
absorption lengths is the root of this
effect

o ldea: Use filter to only accept light
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o
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that has a long absorption length so0 00

5‘;0 660
o Testenergy resolution with filter ——
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Density (g/cm?3)
Melting points (°C)
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