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Fast Scintillators for High Energy Physics and PET Applications

A The thrust in modern HEP experiments is towards the study of ever more
elusive processes, at both the Energy Frontier (e.g. searching for evidence
of supersymmetry at the LHC) and the Intensity Frontier (searching for rare
guark and lepton decays). Some examples:

A Muons: m- e-conversion, n* eeet m e ,g en e

A Kaons K*- p ml- Op
A Expected rates for these processes are in the range ~10'! to 1018
A Requires muon or kaon rates in the range 10'° to 10'/second

A Detecting these processes requires efficient detection and reconstruction of
the sought-after final state, together with the ability to reject backgrounds,
that is events of more common origin that have been mis-measured

A For each candidate rare event, we must measure the charged particle
momentum and species, and the energy of photons

A Efficiency, energy resolution, spatial resolution, angular resolution,
_ time resolution, rate capability, radiation hardness, cost

A Energy range is MeV to GeV
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Example Power Staging Plan for Project X

470 700 kW** 515-1200 kW** 1200 kW 2450 kW 2450-4000 kW

_ 15 kW +0-50 KW**  0-42 kW* + 0-90 kW**  0-84 kW* 0-172kW* 3000 kW

_ 20 kW 0-20 KW* 0-20 kKW* 0-172 KW* 1000 kW
~8 kW 80 kW 1000 kW 1000 kW 1000 kW
- 0-75 KW TI00 KW 1870 KW 1870 KW
(<30% df from Ml) (<45% df from Ml)
none 0-900 kW 0-900 kW 0-1000 kW 0-1000 kW
none 0-900 kW 0-900 kW 0-1000 kW 0-1000 kW
none 0-900 kW 0-900 kW 0-1000 kW 0-1000 kW
4 8 8 8 8

735 kW 2222 kW 4284 kW 6492 kW 11870kW




nr- eg MEG andbeyond

MEG: B(n7- €9)<2.4x1012@90% CL

I Uses a LXe calorimeter with (UV sensitive) PMT readout
I Proposed upgrade to sensitivity of 5x10-14

I Calorimeter upgrade: smaller photosensors on %

entrance face
A Improve shower localization and, thereby, time
resolution, to improve sensitivity

JJ A LA
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Mu2e Search for m - e conversion at 6x10-/

Production Solenoid ADelivers ~ 0.0016 stopped m | Detector Solenoid
A Production target per incident proton A Muon stopping target
A Graded field A10%° Hz of stopped muons A Tracker
| A Calorimeter
Transport Solenoid A Warm bore evacuated
A Collimation system selects muon charge and to 10 Torr

momentum range
A Pbar window in middle of central collimator

Cosmic Ray Veto not shown

Detector Solenoid

Production Solenoid Proton Beam
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MuZ2e calorimeter requirements
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Requirements are met by an array of ~2100 LYSO crystals (11 X,)
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MuZ2e calorimeter requirements

The purpose of the calorimeter is to confirm that a reconstructed track ofa m- €
conversion electron candidate is well-measured, and was not created by a spurious
combination of hits in the tracker.

1. Measure the position of the conversion electron - G(x) OO (1 cm).

2. Compare the energy deposited in the calorimeter to the reconstructed track
momentum - UO(E) QOO(2%), with an uncertainty in the energy scale small
compared to the resolution.

3. Compare the time of the energy deposit in the calorimeter to the time
determined from the tracker - G(t)O ( O1 ns) .

4. Provide particle identification to separate, for example, electrons from muons
5. Provide a trigger that can be used for event selection

6. Maintain functionality in a 50 Gy/year radiation environment with light yield
loss < 10%

Requirements are met by an array of ~2100 LYSO crystals (11 X,)
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Effect of background on conversion electron resolution

A AnSalt and peppero background include

A Deteriorates energy resolution
Fraction of total Energy VS Energy Cut Off
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PET scanning is another area utilizing crystal scintillators

A Utilize biologically active radioactive
positron emitters, such as 11C, 13N, 120, 18F, 82Rb

A Detect 0.511 MeV gammas from positron
annihilation using scintillating crystals,
such as LYSO or BGO

A Faster scintillators would be an advantage
in reducing dose rates and improving
resolution via transit time measurements

Annihilation
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PET scanning

A Time resolution provides an independent spatial measurement
A Can reduce the scan time, and thus the dose rate to achieve a given spatial resolution

No timing With timin
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Can improve resolution with new scintillators

Hardware Dt (ps) TOF Gain
BGO Block Detector 3000 0.8
LSO Block (non-TOF) 1400 1.7
LSO Block (TOF) 550 4.2
LaBr; Block 350 6.7
LSO Single Crystal 210 11.1
Lul; Single Crystal 125 18.7
LaBr,; Single Crystal 70 33.3

Research LaBr; Camera Built by U. Penn
~350 ps Intrinsic Detector Resolution
4201 500 ps Camera Resolution (Electronics Limited)
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Fast scintillating crystals

Ren-yuan Zhu




