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• 1 HBU (HCal Board Unit) 
• 36x36 cm2
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• 1 channel = 
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• 1 HBU (HCal Board Unit) 
• 36x36 cm2

• 4 chips (ASIC) / HBU
• 36 channels / ASIC
• 1 channel = 

• 1 tile (30x30 mm2) 
• 1 SiPM (other side)

• -> 1 HBU = 144 individual tiles
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Reminder: current “standard” AHCAL
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• Each single tile must be 
wrapped in reflective foil.
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• Each single tile must be 
wrapped in reflective foil.

• Each tile must be placed 
individually on the HBU.

3

Reminder: current “standard” AHCAL

~30 mm SiPM

PCB (HBU)

Tile

SiPM

Reflective foil

30.15 mm

29.65 mm

3 mm

• Can be automated but…
• not so simple,
• dead area between tiles. 2018: large scale prototype 

> 150 boards 
> 20 000 tiles
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Megatile concept
• Build one single 36x36 cm2 tile. 
• Segment it with optical insulation: 

reflective glue with TiO2.
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• Put large reflective foil sheet 
directly on HBU 
(with laser-cut holes for SiPM) 

• Air gap (30-100 µm)  
to ensure total reflection.
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• No change to SiPM: 
• Same HBU 
• Same electronics boards 
• Same readout

Calib

• Build one single 36x36 cm2 tile. 
• Segment it with optical insulation: 

reflective glue with TiO2.
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• Put large reflective foil sheet 
directly on HBU 
(with laser-cut holes for SiPM) 

• Air gap (30-100 µm)  
to ensure total reflection.

• 👍 ~ No dead area! 
• 👍 Easier assembly.
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Megatile concept

• No change to SiPM: 
• Same HBU 
• Same electronics boards 
• Same readout

Calib

• Build one single 36x36 cm2 tile. 
• Segment it with optical insulation: 

reflective glue with TiO2.
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• Dimple shape: already optimised for single tiles. 
• Trench angle: 

• Optimised for light-yield using simu. 
• Angle = 30°, minimal dead area. 

• ⇾ High light-yield ≈ as single tile 👍 
• Glue + TiO2 dependency (last year).
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Megatile concept

https://agenda.linearcollider.org/event/8213/contributions/44357/attachments/34778/53708/191001_CT_measurements_overview_v5.pdf
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Megatile concept

𝜸

μ

• Must be careful with air gap: 
• Too large ⇾ optical cross talk. 
• Simu: 3.5% for 100µm.

log(gap)

XT

https://agenda.linearcollider.org/event/8213/contributions/44357/attachments/34778/53708/191001_CT_measurements_overview_v5.pdf
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• Project started in 2017. 
• Already 7 prototypes built with 

continuous improvement. 
• Only current status presented here, 

not the evolution. 

• Continuously tested in cosmic test 
stand @ Mainz. 

• Already 3 test beams @ DESY.

6

The Megatile experience

🎇🎇🎇2017 2018 2019 2020

#0 #1 #3 #4 #5 #6 #7

🎇 🎇

Cosmic test stand @ Mainz

Today!
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• High light-yield ≈ 32 p.e.  
≈ as single wrapped tile 👍 👍 

• Cross-talk:
• ≲ 5%
• ≠ 0 but OK  👍
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Megatile: a promising concept
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14.917 20.033 21.582 22.359 21.501 21.441 21.850 22.607 22.138 21.681 21.855 16.347

18.901 22.853 31.994 32.637 34.072 33.427 31.465 32.574 32.132 32.389 31.560 18.787

19.886 30.597 32.138 31.719 32.344 33.296 33.484 33.180 32.709 32.496 31.207 19.402

19.280 28.537 29.976 29.255 30.157 30.876 32.397 30.587 32.128 32.234 31.451 20.621

18.728 27.746 30.064 30.403 30.019 31.346 33.313 31.395 31.226 31.539 29.188 20.534

19.619 26.796 30.062 30.926 30.714 32.247 37.278 33.257 32.807 24.485 29.476 19.549

17.056 28.444 25.276 31.338 34.043 32.897 34.425 34.225 32.313 31.504 29.906 20.768

19.398 29.878 27.449 37.333 34.279 33.779 34.332 33.890 34.831 32.380 29.963 20.305

19.982 29.750 32.416 33.635 33.087 34.655 32.719 33.466 31.523 29.975 29.186 20.314

19.499 30.607 33.137 32.796 34.949 33.749 33.907 32.087 31.232 32.417 29.506 20.434

21.010 24.744 32.833 30.889 32.759 32.575 33.326 31.828 30.354 32.292 29.243 18.307

15.223 20.765 21.148 20.154 21.833 21.219 21.186 19.468 20.799 21.524 20.005 15.534
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🙂
Still…
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The Megatile experience

Promising concept

Two main challenges encoutered so far

Edges cells Air gap
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• Light yield: 
• 👍 High and uniform in the center ~32 p.e.  

(as for wrapped single tiles) 
• Edges: ~20 p.e.

• Reason: 
• 🙁 Coating of edges is technically difficult.

9

First challenge: low light-yield for edge cells

Megatile prototype 6
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• Light yield: 
• 👍 High and uniform in the center ~32 p.e.  

(as for wrapped single tiles) 
• Edges: ~20 p.e.

• Reason: 
• 🙁 Coating of edges is technically difficult.

• Current workaround: 
• Adhesive reflective foil on the edges. 
• Not easy either. 
• Limited improvement.

9

First challenge: low light-yield for edge cells

Megatile prototype 6
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• Idea: spraying of TiO2 varnish on edges. 
• Two different commercial products tried over the summer: 

• First tests in cosmic bench: results on next slide. 
• Also tested in August test-beam @ DESY (analysis ongoing).
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First challenge: low light-yield for edge cells

New!

varnished 1

Not varnished (reflective foil)

varnished 2
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1

1.1

1.2

0.698 0.832 0.899 0.866 0.822 0.931 0.953 1.100 1.035 1.001 0.994 0.951

0.828 0.875 0.989 0.998 1.074 1.134 0.910 1.058 1.044 1.010 0.916 0.798

0.827 0.982 0.916 0.979 0.988 1.005 0.998 0.957 0.951 1.021 0.951 0.928

0.874 1.006 1.041 1.034 1.065 1.020 1.043 1.122 0.936 0.881 1.032 1.024

0.732 0.929 0.970 0.998 0.979 0.988 1.052 1.054 1.029 0.914 1.002 0.893

0.740 0.856 0.990 1.110 0.995 1.080 1.046 1.063 1.070 0.891 1.052 0.837

0.710 0.838 0.788 1.111 1.050 0.999 1.076 1.068 0.986 0.966 0.941 0.842

0.753 0.885 0.990 1.061 0.970 0.958 0.984 1.050 1.069 1.019 0.963 0.861

0.728 1.028 1.100 1.116 0.955 1.011 1.001 1.047 0.992 1.003 0.950 0.891

0.796 0.991 1.025 1.137 1.126 1.028 1.000 1.069 1.033 1.164 0.910 0.901

0.792 0.821 0.951 0.971 1.069 1.022 1.022 1.000 0.896 0.944 0.843 0.805

0.760 0.816 0.785 0.815 0.903 0.841 0.901 0.982 0.952 0.902 0.781 0.839
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0.748 0.860 0.990 1.095 1.000 1.079 1.045 1.065 1.097 0.867 1.033 0.734

0.724 0.847 0.776 1.103 1.042 1.002 1.092 1.082 0.970 0.949 0.964 0.748

0.741 0.862 0.939 1.073 0.976 0.967 1.012 1.069 1.081 1.040 0.932 0.774

0.714 0.995 1.076 1.142 0.961 1.023 1.034 1.044 0.972 0.992 0.958 0.770
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• Light-Yield result for the same Megatile, 
before and after varnishing the edges 
of the top and bottom-right quarter 
(different varnishing products).
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First challenge: low light-yield for edge cells
Ratio LY / <LY in center cells> per quadrant Varnish 1

• Improvements on light-yield: 
• 15-25% for edges
• 35% for corner
• uniformity within 10% of central cells!

Varnish 2

New!
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• Qualitatively similar results: 

• <Varnish 1>: 0.73 ± 0.05 ➞ 0.88 ± 0.06 
• <Varnish 2>: 0.77 ± 0.07 ➞ 0.96 ± 0.09 

• Second varnish used in for all edges of 
prototype under test in August test-beam 

• Varnishes ongoing microscope study:
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First challenge: low light-yield for edge cells
Varnish 1

• Improvements on light-yield: 
• 15-25% for edges
• 35% for corner
• uniformity within 10% of central cells!

Varnish 2

TiO2 granulate:  
grain size impacts 

absorption/reflectivity

AFM picture of TiO2 glue  
M. Jourdan & S. Prakash (KOMET Mainz)
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Two main challenges encoutered so far

Edges cells Air gap
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• Cosmics: 
• < ~7.5%, as expected 
• Uniform

14

Second challenge: TB/Cosmics X-talk difference
Cross-talk in cosmic stand Cross-talk in test beam

• Test beam: 
• Up to 15%
• Large variations

Here using older prototype, 
better with newer
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• Due to air gap: 
• Cosmics bench setup is vertical. 
• Test beam is horizontal. 

• Currently, air gap size is not controlled.

15

Second challenge: TB/Cosmics X-talk difference

Reflective foil  

Weighting 
aluminum plate

MT+HBU

Cassette 
(reflective foil)
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• Currently, reflective foil not attached to the Megatile (but to structures) 
• Proposed solution: add some glue lines on top of the megatile

16

Second challenge: TB/Cosmics X-talk difference

Glue Reflective foil

Not to scale!

Reflective foilAir gap not controlled Here dummy test on plexiglas

New!
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• Currently, reflective foil not attached to the Megatile (but to structures) 
• Proposed solution: add some glue lines on top of the megatile
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Second challenge: TB/Cosmics X-talk difference

Glue Reflective foil

Not to scale!

• Tested on dummy, then applied on prototype #6. 
• Tested in TB in August: data analysis ongoing. 
• Mechanical design being improved.

Reflective foilAir gap not controlled Here dummy test on plexiglas

New!
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Conclusion
Promising concept: improves mass production

• Light yield as good as wrapped single tile. 
• Reasonable cross-talk.
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Conclusion
Promising concept: improves mass production

Expected last two main challenges: solutions under validation

Light yield in edge cells Air gap

• Light yield as good as wrapped single tile. 
• Reasonable cross-talk.

• Gluing reflective foil is not enough. 
• Solution: varnish with TiO2 mixture. 
• Promising results from cosmics data! 
• Analysis of test-beam data ongoing!

• Lack of control in vertical position 
• Solution: foil gluing directly on megatile. 
• Technical issues almost solved. 
• Analysis of test-beam data ongoing!
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• Prototype #6 with edge coating and reflective foil gluing test-beam in August @ DESY: 
• Analysis ongoing… 
• Check light-yield improvement on edges (all edges varnished). 
• Check cross-talk difference with cosmics (foil gluing). 
• Check tile response uniformity  

(successful telescope data taking). 

• Prototype #7 being prepared for test-beam in October @ DESY: 
• Choice for edge coating under study. 
• Try foil gluing on both sides. 
• Better mechanical realisation than #6.

18

Ongoing and future work
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Ongoing and future work
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