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A Photons and electrons are fundamental particle

Precision egmeasurements enhancphysics
discovery potential.

A Performance of total absorption crystal ECAL is
well understood:
I The best possible gJenergy resolution;
I Good efgposition resolution
I Good efidentification and reconstruction efficiency.

A Crystals may also provide a foundation for a tot
absorption HCAL to achieve good resolution for
hadrons and jets. Dual readout with Cherenkov
and scintillation light would further help.
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Crystalsfor HEP Calorimeterges

Crystal Nal(TI) CsI(TI) Csl BaF, BGO LYSO(Ce) PWO
Density (g/cm3) 3.67 4.51 4.51 4.89 7.13 7.40 8.3 7.77
Melting Point (°C) 651 621 621 1280 1050 2050 1123 824
Radiation Length (cm) 2.59 1.86 1.86 2.03 1.12 1.14 0.89 0.93
Moliére Radius (cm) 4.13 3.57 3.57 3.10 2.23 2.07 2.00 2.21
Interaction Length (cm) 42.9 39.3 39.3 30.7 22.8 20.9 20.7 21.0
Refractive Index @ 1.85 1.79 1.95 1.50 2.15 1.82 2.20 1.82
Hygroscopicity Yes Slight Slight No No No No No
Luminescence ® (nm) (at 410 550 420 300 480 402 425 ?
peak) 310 220 420
Decay Time ° (ns) 245 1220 30 650 300 40 30 ?
6 0.9 10
Light Yield P (%) 100 165 3.6 36 21 85 0.3 ?
1.1 4.1 0.1
d(LY)/dT b (%/ °C) -0.2 0.4 -1.4 -1.9 -0.9 -0.2 -2.5 ?
0.1
Experiment Crystal BaBar KTeV (L* L3 SuperB CMS HHCAL?
Ball BELLE (GEM) BELLE ALICE

BES Il TAPS

a. at peak of emission; b. up/low row: slow/fast component; c. QE of readout device taken o
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Crystaldor Homeland Securit

Crystal Nal(Tl) CsI(TI) Csl(Na) LaCl;(Ce) Srl, (Eu) LaBr(Ce)
Density (g/cm?) 3.67 451 451 3.86 4.59 5.29
Melting Point (°C) 651 621 621 859 538 788
Radiation Length (cm) 2.59 1.86 1.86 2.81 1.95 1.88
Moliere Radius (cm) 4.13 3.57 3.57 3.71 3.40 2.85
Interaction Length (cm) 42.9 39.3 39.3 37.6 37.0 30.4
Refractive Index 2 1.85 1.79 1.95 1.9 ? 1.9
Hygroscopicity Yes Slight Slight Yes Yes Yes
Luminescence ® (nm) (at peak) 410 550 420 335 435 356
Decay Time ° (ns) 245 1220 690 570 1100 20
24
Light Yield b< (%) 100 165 88 13 221 130
42
d(LY)/dT ® (%/ °C) -0.2 0.4 0.4 0.1 ? 0.2

a. at peak of emission; b. up/low row: slow/fast component; c. QE of readout device taken o
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1.5 X Cubic Samples
Hygroscopic: Sealed

Non-hygro: Polished

Full Size Crystals:

BaBarCsI(Tl): 16 X
L3 BGO: 22 X
CMS PWOC(Y): 25 X
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T, = (1 — R)2+ R2(1 — R)2+4 ... = (1 — R)/(1 + R), with

R — (ﬂcrystﬂi_nﬂir )2
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Fast Scintillators

\r 7 =30/6 ns Csl
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Taking out QE, L.O. of LSO/LYSO is 4/200 times BGO/
Hamamatsu S86685 APD has QE 75% for LSO/LYS

LSO/LYSO

T

BGO: QE=8.0 £ 0.4%
LSO/LYSO: QE=12.9 £ 0.6%
Csl(Tl): QE=5.0 £ 0.3%

@ Photonis PMT, XP2254B
BGO: QE=4.7 + 0.2%
LSO/LYSO: QE=7.2 £ 0.4%
Csl(Tl): QE=3.5 + 0.2%
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L.O. Temperature CoefficienfE=

k3
¥

Temperature Range: 15 - 25°C
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3% to 80% measured with Hamamatsu R13
PMT with btalkali cathode
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2% resolution and proportionality are important

for “Xray spectroscopy between 10 keV to 2 Me
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Crystal Calorimeters in HEPE

b e
a2 A

-85 80-00 80-00 80-00 90-10 9410 9410 9520

Experiment C. Ball L3 CLEO Il C. Barrel KTeV BaBar BELLE CMS
Accelerator SPEAR LEP CESR LEAR FNAL SLAC KEK CERN
Crystal Type Nal(TI) BGO Csl(TI) CsI(TI) Csl CsI(TI) Csl(Tl) PbWO,
B-Field (T) - 0.5 1.5 1.5 - 1.5 1.0 4.0
Finner (M) 0.254 0.55 1.0 0.27 - 1.0 1.25 1.29
Number of Crystals 672 11,400 7,800 1,400 3,300 6,580 8,800 76,000
Crystal Depth (Xo) 16 22 16 16 27 16t017.5  16.2 25
Crystal Volume (m3) 1 1.5 7 1 2 5.9 9.5 11
Light Output (p.e./MeV) 350 1,400 5,000 2,000 40 5,000 5,000 2
Photosensor PMT Si PD SiPD WS?+Si PD PMT Si PD Si PD APD®
Gain of Photosensor Large 1 1 1 4,000 1 1 50
on/Channel (MeV) 0.05 0.8 0.5 0.2 small 0.15 0.2 40
Dynamic Range 104 10° 10% 104 104 104 104 10°

Future crystal calorimeters in HE
PWO for PANDA &SI: R. Novotny T2

LSO/LYS@r a Super B Factory
Crystals for a total absorption HCAL: A. Parall4
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L3 BG@Resolution

Contribution |i Radi at i v ¢ Temdenature || Galraton | Overall
Barrel 0.8% 0.5% 0.5% 1.07%
Endcaps 0.6% 0.5% 0.4% 0.88%

456 GeV < E__ <943 GeV

g LI | i '
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mnu—: Barrel
6 =1.06%

Endcaps
1000071 ¢ =0.86%

Events / 0.0025

0 0 _1; A e RS >
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BGO energy / Beam energy Energy (GeV)
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Energy resolution

A crystal calorimeter

M. Kocian, SLAC, CALOR2002

at low energies "
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PANDA at GSI, Germany
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