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CMS/ICMS BTL: LYSO crystals + SiPM.readout Mu2e-I: 1,348 Csl of 34x34x200 mm?
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Concept of an ultrafast crystal-based
front imager proposed for future
Free-Electron Laser facilities

GHz Hard X-ray Imaging for Free-Electron Lasers Fast frame rate & hard x-ray require ultrafast crystals

Performance Type | imager Type Il imager
X-ray energy up to 30 keV I 42-126 keV I
Frame-rate/inter-frame time 0.5GHz/2ns 3 GHz / 300 ps
Number of frames per burst >10 10-30 :
X-ray detection efficiency above 50% above 80% l
Pixel size/pitch <300 pum <300 um —- B
Dynamic range 103 X-ray > 10* X-ray j':/:j: ‘ Fast
Photons/pixel/frame Photons/pixel/frame //,f;,/’ Flectronics
Pixel format 64 x 642 (scalable to 1 Mpix) 1 Mpix X-ray photons e

Fast Scintillator
Screen
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See paper N36-02 for recent progress in RMD inc.

RMD (Lu,Y),05-1to 12 PIx1~P17x3 All faces

SN5165, 5280 & 5281 27%X27%3, 27%X27X5, 27%X27X5 3 All faces
Samples #1-12 received between Dec 2021 and May 2022, Three square samples received Jun 2023.

Experiments

Properties measured at room temperature: X-ray Excited Luminescence (XEL), Pulse Height
Spectrum (PHS), Light Output (LO) and decay kinetics, before and after gamma irradiation.
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'XEL of SN5280/5281 (2023) and SN2682 (2022)mas

(O

SN5280, 5281 and 2682 show consistent XEL

with clear peaks at 360, 490 and 545 nm
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SN5165 shows good transmittance and small slow component

SN5280 and 5281 show low transmittance, but similar light output
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All samples show well resolved 2°Na y-ray peak of 511 keV

SN5165 shows lower light output than SN5280 and 5281
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Na-22, R2059@-2000 V, 45 ns gate, Tyvek, Grease
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7 sn4494  ®9x2

sn4496 dI9x1

14 sSn5280 27x27x5
15 sSnN5281 27x27x5

13 sn5165 27x27x3

1%Yh: LU203

44.2%

1%Yb:(LU0.5,Yo_5)203 26.6%

1%Yb:LU203

62.3%

0.2%Yb:(Lu,Y),05 36.0%

1%YbZLU203

l%Yb:LUZOg

Yb:LUZOg

* Assuming ultrafast component decay time ~1.1 ns.
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5.1, 10.1, 15.1, Measured up
20.1, up to 50.4 to 50 Mrad

5,10, 15.3

5,10, 15.3

5,10, 15.3

2.0, 5.0

2.0,5.0

Measured up
to 10 Mrad

Measured up
to 10 Mrad

Measured up
to 10 Mrad

Measured up
to 5 Mrad

Measured up
to 5 Mrad

Not Irradiated



- IXEL: Before and After y-ray Irradiationmes

SN 2681/2682 show consistent emission

All show enhanced peaks at 495 and 545 nm after irradiation
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Transmittance (%), XEL Emission (a.u.)

22Na peak measurable after 5.1, 10.1, 15.1 20.1 25.4, 30.4, 40,4 and 50.4 Mrad

Slow component appears after 15 Mrad
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SN2681 Recovery after 50 Mrad
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SN4496 Measured up to 10 Mrad s
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22Na peak measurable after 5 and 10 Mrad, but not 15.3 Mrad
With good transmittance correlation between LO and transmittance observed
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SN4494 Measured up to 10 Mrad aas
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?2Na peak measurable after 5 and 10 Mrad, but not 15.3 Mrad

Slow component exist in this (Lu,Y),05sample
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SN4805 Measured up to 10 Mrad

?2Na peak measurable after 5 and 10 Mrad, but not 15.3 Mrad
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Slow component exist in this (Lu,Y),05 sample
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SN5280 Measured up to 5 MRad w

NSS MIC RTSD
22
Na peak measurable after 2 and 5 Mrad
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SN5281 Measured up to 5 MRad w

NSS MIC RTSD
22
Na peak measurable after 2 and 5 Mrad
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Summary
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Ultrafast heavy inorganic scintillators with sub-nanosecond decay time is
Important to break the ps timing barrier for future HEP TOF system and
ultrafast calorimetry, as well as GHz hard X-ray imaging.

Lu,O5:Yb samples show XEL emission peaked at ~360, 490 and 545 nm
with decay time of 1.1 ns measured by MCP-PMT. Improved transparency
observed in 2023 samples of large size.

Six Lu,0O5:Yb samples irradiated by y-rays up to 50 Mrad. No recovery was
observed in 22 days after irradiation.

Sample SN2681 shows excellent radiation hardness up to 50 Mrad. Al
other five samples show visible ?Na peak up to 10 Mrad.

With high density, ultrafast decay time and high Ultrafast/Total ratio
Lu,O5:Yb ceramics are promising for future HEP detector application.
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