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• 1 HBU (HCal Board Unit) 
• 36x36 cm2
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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)
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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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• Each single tile must be 
wrapped in reflective foil.
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individually on the HBU.

3

Reminder: current “standard” AHCAL

(Other side)

~30 mm SiPM



BMBF scint. RD - 06/07/2020Antoine Laudrain (JGU-Mainz) Recent Megatile results

• Each single tile must be 
wrapped in reflective foil.

• Each tile must be placed 
individually on the HBU.

3

Reminder: current “standard” AHCAL

(Other side)

~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.



BMBF scint. RD - 06/07/2020Antoine Laudrain (JGU-Mainz) Recent Megatile results 4

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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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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• 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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• Project started in 2017. 
• Already 6 prototypes built with 

continuous improvement. 
• Only current status presented here, 

not the evolution. 

• Continuously tested in cosmic test 
stand @ Mainz. 

• Already 2 test beams @ DESY.
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The Megatile experience

🎇🎇🎇2017 2018 2019 2020

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

🎇 🎇

Cosmic test stand @ Mainz
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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 (next slide).
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Megatile concept



BMBF scint. RD - 06/07/2020Antoine Laudrain (JGU-Mainz) Recent Megatile results

• 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 (next slide).

6

Megatile concept

𝜸

μ

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

log(gap)

XT
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• LY depends on what Glue+TiO2 mixture is filled in 
the trenches: 
• Size of TiO2 granulates depend on the solvant. 
• Absorption/reflection vs 𝞴 depends on 

concentration of granulates in the glue.
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Glue + TiO2 mixture
M

in C
hiao Tsai et al., J. Phys. C

hem
. C

, Vol. 112, N
o. 7, 2008 

Tailor M
ade M

ie Scattering C
olor Filters M

ade by Size-Tunable Titanium
 D

ioxide Particles

Granulate 
size

Acetic a. Butyric a.

Valeric a. Octanoic a.

https://www.researchgate.net/publication/335541851_Tailor_Made_Mie_Scattering_Color_Filters_Made_by_Size-Tunable_Titanium_Dioxide_Particles
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• Trade-off: 
• Liquid enough to flow in the trenches. 
• Adequate granularity for reflection (⇒ LY). 

• Tested optical properties of various Glue + TiO2 
mixtures @ Mainz 

• Improved in newer prototypes (now good baseline).

https://www.researchgate.net/publication/335541851_Tailor_Made_Mie_Scattering_Color_Filters_Made_by_Size-Tunable_Titanium_Dioxide_Particles
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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

15
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35

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.

10

First problem: 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.

10

First problem: low light-yield for edge cells

Megatile prototype 6
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• Idea: spraying of TiO2 glue on edges. 
• Recent development: finally found a suitable one! 🙂 
• First test in cosmic bench: analysis ongoing!  

First results on next slide.
11

First problem: low light-yield for edge cells
New!

varnished

Not varnished (reflective foil)
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• Light-Yield result for the same Megatile, 
before and after varnishing 
the edges of the top-right quarter.
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First problem: low light-yield for edge cells
New!
Preliminary

Ratio LY / <LY in center cells> in top right corner

Varnish

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

Promising concept

Two main challenges encoutered so far

Edges cells Air gap



BMBF scint. RD - 06/07/2020Antoine Laudrain (JGU-Mainz) Recent Megatile results 13

The Megatile experience

Promising concept

Two main challenges encoutered so far

Edges cells Air gap



BMBF scint. RD - 06/07/2020Antoine Laudrain (JGU-Mainz) Recent Megatile results

• Cosmics: 
• < ~7.5%, as expected 
• Uniform

14

Second problem: 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 problem: 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 problem: TB/Cosmics X-talk difference
New!

Glue Reflective foil

Not to scale!

Reflective foilNot controlled air gap

Ongoing



BMBF scint. RD - 06/07/2020Antoine Laudrain (JGU-Mainz) Recent Megatile results

• 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 problem: TB/Cosmics X-talk difference
New!

Glue Reflective foil

Not to scale!

• Tested on dummy plexiglas (safety). 
• Technical issues being worked out, almost solved. 
• Once ready, test in comics bench.

Reflective foilNot controlled air gap

Ongoing
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Conclusion and future
Promising concept: improves mass production

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

Expected last two main challenges: very close to solution
Light yield in edge cells Air gap

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

• Gluing reflective foil is not enough. 
• Investigating spraying of TiO2+glue. 
• First results last week, ongoing!

• Investigating thin glue deposit. 
• Technical issues almost solved.
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• Investigations ongoing at local cosmic test stand using MT5. 
• Planned test-beam @DESY in August. 

• Uniformity measurements with new MT6. 
• Edge coating should be ready. 
• Technical gluing issues close to solution.
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The (near) future
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