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Megatile Concept

« Optically isolated channels in large scintillator plate
+ Setup:

« Scintillator covered by reflective foil at top and bottom,
additional to total reflection

« Channels are separated by trenches filled with reflective glue
« Dimple maximizes light reaching SiPM

« Structure optimized by Geant4 simulation
+ MIP response, cell-to-cell crosstalk
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Megatile Simulation and first tests

Response vs Hit Position (Hits in Central Cell)

« Simulations performed by Y. Liu via GEANT4
« High Light Yield response
« Low Crosstalk: i.e. 3.5% for 0.1 mm airgap

« Simulation confirmed by 3x3 sized prototype measurements
« High Light Yield response with ~31 p.e.
* Low Crosstalk with 5.5 %
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Newest Megatile Prototype

« Tested in test beam at DESY in May
« Light yield not as uniform as expected (s. Lab tests)

* Mechanics are not optimized yet for complete light
tightness at the edge

« Larger airgap in the center due to vertical stack
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Newest Megatile Prototype

« Tested in Cosmic Ray Test stand at Mainz

Light yield Map 5BGA2, 111 & 1111 cut, angle compensated v4, LY4 light yield for 5BGA2, 111 & 1111 cut, angle compensated v4, LY4
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* Reasonable light yield mean and spread (despite edge tile
effect)

* Nevertheless: Light yield lower than 3x3 prototype
» Suspicion: Used TiO2 different than for smaller prototype
* Optical properties dependent on size, structure and
mixing ratio
* Investigation of optical properties on-going
« Transmission and reflectivity tests
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Overview: Crosstalk estimation with cosmics

Estimation of upper limit for crosstalk with
cosmic measurement

Working principle:

« Large statistics needed (10 days)
« Most CT entries below trigger threshold
« Still possible to extrapolate upper CT

limit !
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Overview: Crosstalk estimation with cosmics

Trigger HBU H
Trigger HBU H

Estimation of upper limit for crosstalk with

cosmic measurement
Working principle:

« Large statistics needed (10 days)
« Most CT entries below trigger threshold
« Still possible to extrapolate upper CT

limit !

« Cut on ADC value of central channel (so that
only high photon responses are considered) ;.

« Combine all channels to have enhance

statistics

« Dataset with lower trigger threshold

with CT limit < 7.6%

All channels combined, only side neighbours, ADC cut at 70 p.e.
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Crosstalk uniformity

Maximal CT value successfully limited for each channel individually

(considering only side neighbors)
» Upper limit seems very uniform

* In general max. CT seems to fit expectations

max CT, ADC limit 50 p.e.
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Summary and Outlook

« Megatile successfully developed

« Simulation and small-scale prototype shows excellent performance in Light Yield and
Crosstalk

« Test beam: Mechanical structure for vertical alignment of Megatile needs improvement
 Light Yield uniformity improvable
 Further optimization on-going
« Cosmic ray test stand:
« Light Yield and Crosstalk shows uniform behavior
« Crosstalk fits expectations
« Light Yield lower than expectations
« TiO2 mixture to be optimized for full scale prototype
« Further studies with optical property optimization on-going
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Megatile Test Beam; Gain

« Gain evenly distributed within single chips
« Gain at reasonable magnitude (~40 ADC)
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Overview: Crosstalk estimation with cosmics

« Estimation of upper limit for crosstalk with
Trigger HBU

cosmic measurement

+ Working princple: R E—
Megatile HB

« Large statistics needed (10 days of

measurement) S ——
rigger

« Focusing on perpendicular hits only and
compare results with neighboring cells

- Set the trigger threshold for Megatile HBU | _ I e
to very low value (between 220-230) ik

« Response peaks with lowest ADC value in
neighboring cells are determined and used
as minimal ADC value (“minimal triggered
ADC value”=“upper limit for CT")

« Minimal ADC value filled in histogram for . Comer neighboring
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ADC cut example with low level cuts

« LY ratio (Neighboring LY/ central LY)
« ADC cut on central LY value for exclusion of low light response events
« CT response visible for side neighboring tiles
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Top row: Side neighboring tile
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Crosstalk limit estimation for individual channels

« Combine all 4 edge neighbours to increase statistics (example for ADC cut at 50 p.e.)
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Crosstalk limit estimation for individual channels

CT successful limited to 8% for each channel individually

» Upper limit seems very uniform

Ratio, ADC limit 50 p.e., 4x edge neighbours
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Crosstalk limit estimation combined

« Combining all channel to get enough statistics for even higher ADC cut (70 & 80 p.e.)
« Combined edge CT over all channels with 228-228-225-225 trigger Lower limit map for

All channels combined, only side neighbours, ADC cut at 70 p.e. All channels combined, only side neighbours, ADC cut at 80 p.e. 228-228-225-225
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« Combined edge CT over all channels with 227-228-224-221 trigger
« Trigger value tuned via noise level of each ASIC individually

Lower limit map for
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- Dataset with lower trigger threshold with CT limit at 7.6%
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