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2019 DOE Basic Research Needs Study
on HEP Instrumentation: Calorimetry

https://science.osti.gov/hep/Community-Resources/Reports

Priority Research Direction

PRD 1: Enhance calorimetry energy resolution for precision elec-
troweak mass and missing-energy measurements

PRD 2. Advance calorimetry with spatial and timing resolution
and radiation hardness to master high-rate environments

PRD 3: Develop ultrafast media to improve background rejection
in calorimeters and improve particle identification

Fast/ultrafast, radiation hard and cost-effective inorganic scintillators needed

to achieve energy, spatial and timing resolution for future HEP calorimetry
2021 HEP CPAD Meeting: https://indico.fnal.gov/event/46746/timetable/#all.detailed
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Bright & Fast Inorganic Scintillators

_ LYSO:Ce LSO:Ce,Ca? LUAG: Ceb LuAG:Pre GGAG:Ce? | GLuGAG:Ce® | GYGAG:Ce" | SrHfO,:Ce! BaHfO;:Ce
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i Based on 137Cs gamma-ray excitation (shaping time of 4 ps) light yield result in ref. i
kData based on single crystals
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" |t meets the DOE BRN PRD for calorimetry:

= Bright, fast and rad hard scintillators for HL-LHC & FCC-hh;
= Cost-effective scintillators for lepton Higgs factory;

= Ultrafast scintillators for high-rate experiment (Mu2e-Il).

= An LYSO/W/Quartz Capillary Shashlik calorimetry
has been under development in a decade for

sssssss
Monitoring

endcap calorimeter at the HL-LHC: L L g it e
io M| 12 Beam dump

= Absorbed dose: up to 100 Mrad,

= Charged hadron fluence: up to 6x10*p/cm?, H

" Fast neutron fluence: up to 3x10' n/cm?. ‘N/“/HTI”“HIT“// /iIfi’fZZ;ti,m’

= LuAG:Ce ceramic fibers are now proposed for the
RADICAL concept featured with ultra-compact,
radiation hard and fast-timing:
= Use LUAG:Ce to replace quartz capillary as WLS; and
= Ashort LUAG:Ce segment at the shower maximum would TR
provide precision timing. T \ L
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Damage induced by protons is an order of magnitude larger than that from neutrons

Due to ionization energy loss in addition to displacement and nuclear breakup
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LUAG:Ce ceramics show a factor of two better radiation hardness than LYSO

crystals up to 6.7 X 10> n,,/cm# and 1.2X 10 p/cm?, promising for FCC-hh
Paper N18-05 in the 2020 NSS CR, DOI: 10.1109/NSS/MIC42677.2020.9507969

103 S SIS, YOS W v SO o o - o) N O O | O O e O 1600 T | T T T
xperment 7638 RIAC=A: x Fhienc Proton EXpeniments @ CERN / L LUAG:Ce Ceramic plates i
S 3 7161 2L..irradiated by.24 GeV.proton-beam.at CERN ... ... = : 2 I
[ @.LYSO of of 10x10x3imm™ Ag=(2.23 0. 3103 ] " EeBoET I.I-'Sy‘ld A gmm:" ; / % . . _
— 3 ; : / gl - 2 :
—~ A BaF of 105102 i A =(0.6% 0110 " < - WSICLYSO- 14kl b - = e L
e [t e e 1-- £ [VSICTUAG oAz’ W 1 s
é Y LUAG of CD'| 4 4x1 mm Ay=(1.1£ 0.4)x10 ; irradiated by 800 MeV prgton beam AN}/ ot -/
X 402 @ CASIONN TUAG ®17x1 mr‘@ . A = ¥
8 a) : "°~..: :'th ':' 4 : 6l
a T 10 |fon E ,+ﬁiiif“‘. }/ = = o [ * F i .""
g g | Q_ 1200 b "'.' :'_. /',. ........ y ,!“‘@.
ICT) 'a ‘ // = o ) | "a .‘l : ‘,‘ ‘¢_ “:'
w -9 / C a 'l ’* E 'l
= e - o - a 3 (5.:) . SIC LYAG:Ce-pure
E o 1 t' ;‘ ‘@‘
55 L P ~ s F[? é . SIC LYAG Ce, Mg
© 10 - © S 1000 [rderpirtiegtt *‘ . sie: LuAG e Ca
< o e e e I RIS e (AT G010 ERiree ] O o S ' ‘ . SIC LiAG Ce, |.|
o ~ - RIAC; (0:64-0:4)x 107 4 Fruence; P g G) SIC LUAGCe Mg Ca -
i o LuAg. 4 SO B0Y%.” '..' : @
I vy g S NG pa s e s o ;o sic LuAG Ce, |_| Mg A
' / .............. 800 '_' "'? OA]" T T ."S’l@M \_U‘A‘G C Ca
/ P '60% III SIOM LUAG:Cé Mg Ca-
1 10 bl bl i
10"° P 10"° 10 10" 10"° 5 10" 7000 1200 1400 1600 1800 2000 2200 2400 2600
1 MeV n,, Fluence (cm™) Proton Fluence (cm™) LO in 3000 ns (p.e./MeV)

10/20/2021 Paner N-20-06 nre<cented bv Ren-Yuan Zhu Caltech in the 2021 IFEF NSS/MIC Virtual Conference 6



RADICAL: LYSO/W/LUAG Shashlik ECAL

1 a0 (ctacy e Excitation of LUAG:Ce ceramics

s | o matches well LYSO:Ce emission:
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WLS Ex./Em. with Edinburgh FLS920
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Figure 1-6: General layout of an FLS920
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7 ®1x40 mm fibers: consistent excitation/emission spectra with different intensity
LUAG:Ce intensity: <Y-11 but comparable with capillary: x3 @445 nm as @420 nm
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Intensity (a.u.)/1 0°

Figure 1-6: General layout of an FLS920
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Sixteen ®1 mm LuAG:Ce fibers, compared to a

D1x160 mm quartz capillary and a ®1x40 mm Y-11

Light output
measured for two
%% Spectropfiotometer alternative ends

LuAG:Ce fiber Quartz’ fiber COUp|Ed to a F4500
SMA Connector spectrophotometer
\ N 200m via a @1 mm quartz

HED fiber with excitation
at several positions
along the LUAG fiber

Hitachi F4500

Thorlabs
M420F2

Z
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B end coupling Ph# (a.u.)

¢ 1 mm LuAG:Ce Fibers Length (cm) Quantum Yield Average RMS (%)
#1 4 0.78 £0.05 36099 1.9 43365 54
H2 4 71524 6.4 79592 3.6
#3 4 0.82 £0.05 61897 1.5 62084 6.5
#4 4 0.78 £0.05 61181 1.8 63105 4.0
#5 4 75425 2.6 78344 4.0
#6 4 0.85 +0.05 39110 9.8 43159 3.6
H#7 4 71058 6.8 75216 4.6
#8 4 0.82 £0.05 75235 7.7 76735 0.9
#9 4 0.76 £0.05 34032 2.7 48300 14.4
#10 4 0.78 £0.05 36836 8.2 43566 9.1
#11 4 0.81 £0.05 71689 12.5 73922 8.9
Y11 WLS 4 0.87 £0.05 184690 35.6 232682 22.7
#1 6 0.88 +0.05 48103 11.2 56280 2.6
#2 6 0.88 +0.05 21229 69.0 23829 58.1
#3 6 0.79 £0.05 34796 18.7 41303 24.0
#1 12 44715 5.0 50436 10.6
H2 12 36313 22.8 43746 20.5
Capillary s136 16 54496 6.8
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Summary

Future HEP experiments require fast and radiation hard calorimetry. The
RADICAL concept utilizes bright, fast and radiation hard LYSO:Ce crystals
and LUAG:Ce ceramic wavelength shifters for an ultra-compact, radiation
hard and fast-timing shashlik calorimeter for the HL-LHC and FCC-hh.

A total of 16 ®1 mm LUAG:Ce ceramic fibers of 4, 6 and 12 cm were
fabricated by using Laser Heated Pedestal Growth technique at SIC.

The 15t batch LUAG:Ce WLS fibers show a quantum yield up to 88% with
light output and uniformity comparable to quartz capillary.

R&D will continue to improve optical quality of LUAG:Ce ceramic fibers.
Beam tests are planned for a 3 x 3 LYSO/W/LUAG RADICAL matrix to
measure energy and timing resolution, and for individual cells to verify their
radiation hardness against y-rays and hadrons.

Work supported in part by the US Department of Energy Grants DE-SC0011925
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