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Intraband luminescence (IBL) mechanism
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Figure: The mechanism of IBL (drawing by
A. Vasil'ev)
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@ Decay 1071? s
@ Broad structureless
spectrum

@ Yield determined by

branching ratio
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FAG T Prompt photons concept

Fast Advanced Scintiltator Timing

Scintillation under 511 keV y-excitation (small crystals)
LuAG:Pr-CTR 205 ps (2x2x10 mm*) BGO-CTR 330 ps (3x3x20 mm3)
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Not enough prompt photons!
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Pulse Cathodoluminesc

The pulse cathodoluminescence setup in Tartu

Shamrock SR303
or SpectraPro 2300 LHe Cryostat

VUV Seya

MCP-PMT
or NIR PMT A

gated iCCD

Electron gun

o Electron energy 100-200 keV, pulse current 10-50 A/cm?
@ Time resolution <150 ps (rise time)

@ 2017: High resolution mode: 55 ps FWHM

o Fast to slow emissions ratio (up to seconds)

@ Spectral range 0.75-10.6 eV (117-1650 nm)

@ Temperature range 5.5-800 K
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Pulse Cathodoluminescence Setup

IBL and band structure: garnets
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The IBI yield of YAG and LuAG is essentially the same
The band structures of YAG and LuAG differ only by Lu 4f states in VB
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Pulse Cathodoluminescence Setup

IBL and band structure: rare-earth oxyfluorides
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Pulse Cathodoluminescence Setup

LaOF and GdOF band structure (AFlowLIB.org)
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Pulse Cathodoluminescence Setup

IBL and band structure: rare-earth arsenates
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More on IBL and phonons: S. Omelkov et al, J.Lumin 198 (2018) p260
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Pulse Cathodoluminescence Setup

LaAsO4 and LuAsO4 band structure (MaterialsProject.org)
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Pulse Cathodoluminesc

IBL under x-ray excitation: nonproportionality effects

XRL setup in CERN XRL setup on VEPP-3 ring
(Laser-exited xray tube) (2 GeV, Nov05|b|rsk)

BIII-4M
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3-40 keV max 10 keV 3-60 keV max 10 keV
Low power, no spectral resolution High power, used 55 um Cu filter
2 MHz repetition rate 8.06 MHz repetition rate
~100 ps FWHM time resolution ~1 ns FWHM time resolution
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Pulse Cathodoluminescence Setup

IBL in BaWQy4

Cathodoluminescence (<100 keV) X-ray < 40 keV (CERN)
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Yield(IBL)=2.2x Yield(defect) Yield(IBL)=0.2x Yield(defect)
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athodoluminesce

IBL in BaWQy4

Cathodoluminescence (<100 keV) X-ray < 60 keV (VEPP-3)
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Yield(IBL)=2.2x Yield(defect) Yield(IBL)=0.3x Yield(defect)
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Pulse Cathodoluminescence Setup

IBL in BaWQy4

Cathodoluminescence (<100 keV) X-ray < 60keV (VEPP-3)
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Pulse Cathodoluminesce

Cathodoluminescence time resolution
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Pulse Cathodoluminescence Setup

Preparing for the future: cathodoluminescence time
resolution

Acquisition time: 0.5-10 hours/decay curve
Background level is 10~°counts/bin/hour
SNR is limited by statistics
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Rise and decay of cathodoluminescence of LYSO:Ce@400nm
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Pulse Cathodoluminescence Setup

Conclusions

@ The band structure seems to influence IBL yield and spectra
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Pulse Cathodoluminescence Setup

Conclusions

@ The band structure seems to influence IBL yield and spectra

@ ... in some way, at least ... (more research needed)
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Pulse Cathodoluminescence Setup

Conclusions

@ The band structure seems to influence IBL yield and spectra
@ ... in some way, at least ... (more research needed)

@ The nonproportionality of IBL is very strong
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Pulse Cathodoluminescence Setup

Conclusions

The band structure seems to influence IBL yield and spectra
. in some way, at least ... (more research needed)

The nonproportionality of IBL is very strong

e 6 o6 o

The IBL spectra are changing with excitation energy
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Pulse Cathodoluminescence Setup

Conclusions
@ The band structure seems to influence IBL yield and spectra
@ ... in some way, at least ... (more research needed)
@ The nonproportionality of IBL is very strong
@ The IBL spectra are changing with excitation energy
@ ... theoretical support is needed ...
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Pulse Cathodoluminescence Setup

Conclusions

The band structure seems to influence IBL yield and spectra
. in some way, at least ... (more research needed)

The nonproportionality of IBL is very strong

The IBL spectra are changing with excitation energy

... theoretical support is needed ...
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VEPP-3 is an interesting x-ray source for studying IBL and density
effects
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Pulse Cathodoluminescence Setup

Conclusions

The band structure seems to influence IBL yield and spectra
. in some way, at least ... (more research needed)

The nonproportionality of IBL is very strong

The IBL spectra are changing with excitation energy

... theoretical support is needed ...
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VEPP-3 is an interesting x-ray source for studying IBL and density
effects

New synchrotron radiation facility is being designed in Novosibirsk:
hard x-rays with 1 ps compressed bunch mode
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Pulse Cathodoluminescence Setup

Conclusions

The band structure seems to influence IBL yield and spectra
. in some way, at least ... (more research needed)

The nonproportionality of IBL is very strong

The IBL spectra are changing with excitation energy

... theoretical support is needed ...

® 6 6 o6 o o

VEPP-3 is an interesting x-ray source for studying IBL and density
effects

New synchrotron radiation facility is being designed in Novosibirsk:
hard x-rays with 1 ps compressed bunch mode

It will likely to have luminescence station as well!
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Pulse Cathodoluminescence Setup
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