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The AHCal baseline design
• AHCal: Analogue Hadronic Calorimeter


• Plastic scintillator tiles.

• SiPM readout.

• Total 8M channels!
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The AHCal baseline design

~30 mm SiPM

• AHCal: Analogue Hadronic Calorimeter

• Plastic scintillator tiles.

• SiPM readout.

• Total 8M channels!

• 1 board = 36x36 cm2 (144 channels)

• 1 channel =


• 1 SiPM (Hamamatsu S13360-1325) 

• 1 scintillator tile polystyrene 

(30 x 30 mm2, 3 mm thick).

• Individually wrapped in reflective foil 

and glued on PCB.
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The AHCal baseline design

• 1 board = 36x36 cm2 (144 channels)

• 1 channel =


• 1 SiPM (Hamamatsu S13360-1325) 

• 1 scintillator tile polystyrene 

(30 x 30 mm2, 3 mm thick).

• Individually wrapped in reflective foil 

and glued on PCB.

• AHCal: Analogue Hadronic Calorimeter

• Plastic scintillator tiles.

• SiPM readout.

• Total 8M channels!

• Large prototype built in 2018, TB at CERN.

• Feasibility demonstrated with 22’000 

channels, but tedious assembly.
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Megatile concept
• Build one single 36x36 cm2 tile.

• Cut trenches and fill with optical insulation.

• Pour flowing glue + TiO2 mixture ➞ reflectivity.

• Optimal angle: 30º, minimise dead area.

Dimple
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• Glue reflective foil sheet directly 
on the megatile (with laser-cut 
holes for SiPM)


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

4

Megatile concept

• No change to SiPM:

• Same electronics boards.

• Same readout.

• Build one single 36x36 cm2 tile.

• Cut trenches and fill with optical insulation.

• Pour flowing glue + TiO2 mixture ➞ reflectivity.

• Optimal angle: 30º, minimise dead area.

Dimple

Air Gap

Glue dots
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• Glue reflective foil sheet directly 
on the megatile (with laser-cut 
holes for SiPM)


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

• 👍 ~ No dead area!

• 👍 Easier assembly.
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Megatile concept

• No change to SiPM:

• Same electronics boards.

• Same readout.

• Build one single 36x36 cm2 tile.

• Cut trenches and fill with optical insulation.

• Pour flowing glue + TiO2 mixture ➞ reflectivity.

• Optimal angle: 30º, minimise dead area.

Dimple

Air Gap

Glue dots

In real life:
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• Project started in 2017.

• Already 10 prototypes built with 

continuous improvement.

5

The Megatile experience

Today!

2017 2018 2019 2020

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

2021

#8,9,10

2022

#11,12?
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• Project started in 2017.

• Already 10 prototypes built with 

continuous improvement.
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The Megatile experience
Cosmic test stand @ Mainz detector lab

Today!

2017 2018 2019 2020

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

2021

#8,9,10

2022

#11,12?

• Continuously tested in cosmic test 
stand @ Mainz.
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• Project started in 2017.

• Already 10 prototypes built with 

continuous improvement.
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The Megatile experience
Cosmic test stand @ Mainz detector lab

Today!

2017 2018 2019 2020

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

2021

#8,9,10

2022

#11,12?

• Continuously tested in cosmic test 
stand @ Mainz.

• Already 5 test beams @ DESY II
• Last TB with KLauS-5 HBU!

🎇🎇 🎇 🎇🎇 🎇



Megatile performance 
from cosmic and test-beam data

6
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Edge treatment

• High and uniform light-yield, except for the edge channels (~30–50% lower).

• Reason: coating of edge channels is difficult.


• Baseline solution: stick an auto-adhesive reflective foil, but limited improvement.

Reflective foil

Glue+TiO2
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17.1058 24.2442 25.2133 24.9672 23.9367 24.5621 23.4433 25.2844 24.2626 25.1419 24.7814 17.286

23.3312 27.8688 38.3569 38.5203 39.0008 39.1538 35.9848 37.1995 36.71 37.0599 36.3345 20.0516

24.0153 39.0364 37.5658 38.5134 37.7523 38.4094 39.3736 38.6504 37.8108 37.6523 37.6982 23.1655

23.7959 35.6252 35.8598 36.4452 35.87 36.1578 38.1813 36.6034 36.608 37.4278 37.3978 23.6238

22.5393 36.5019 36.1478 36.0811 35.6551 37.2492 40.3194 38.4018 37.6968 35.9819 33.2393 21.1445

20.4094 33.5174 36.063 35.7227 36.8883 38.3762 41.9511 43.3003 39.5782 27.7073 31.0484 19.1144

20.2614 34.4255 27.6989 37.3958 40.0505 39.0089 40.1995 41.2554 37.7407 37.2265 32.1489 20.5887

22.6601 38.2318 38.2823 44.7595 41.176 40.3668 40.8926 41.5125 41.3147 41.5562 35.2891 21.5798

24.2936 37.6698 38.2114 40.9824 40.5062 41.5575 39.6162 43.5123 38.9355 39.2743 39.1539 23.3715

25.4253 37.4659 39.477 39.3713 39.732 38.4341 39.036 39.8951 40.1473 42.5324 38.8517 25.1115

24.8009 29.4881 39.3971 36.1632 38.276 37.8934 40.7489 38.9537 39.2663 42.4199 39.1782 19.8309

17.5464 24.5239 24.6702 24.2462 25.5245 25.1765 24.6872 22.4339 25.851 26.9286 24.394 17.0048

Light yield Map 5BGA2, 111 & 1111 cut, angle compensated v4, LY4
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Light yield Map 5BGA2, 111 & 1111 cut, angle compensated v4, LY4
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24.4535 29.7827 31.3197 31.262 30.9129 30.8033 28.3855 32.3016 31.1338 31.8377 32.7666 31.8145

29.6362 27.8027 37.5512 37.7234 38.9905 38.2583 33.1064 33.701 32.6536 33.5119 34.4886 30.1806

29.6103 36.9598 36.5473 37.5264 37.0454 37.0354 34.4819 33.0362 33.0836 34.0868 35.2694 34.6849

29.8968 35.6742 35.7565 35.6884 35.5064 34.3135 32.4283 31.2709 32.2396 34.2151 35.0827 32.9338

28.6288 36.9862 36.5851 35.8035 34.3626 33.4212 33.5136 31.5826 32.9293 33.6149 32.0663 27.5803

24.5909 33.374 36.2508 36.4373 35.3957 33.6267 32.4697 31.0805 33.9744 25.8654 30.3291 22.5629

23.787 33.8342 28.1429 37.9689 39.7128 35.564 35.335 33.9393 32.9775 33.8659 30.599 24.2725

27.5931 37.5579 38.043 43.5172 39.3158 37.2429 35.867 35.7954 34.7143 35.0989 31.7612 25.8598

29.9714 36.2867 37.0025 39.3994 38.7732 39.1518 35.7027 37.4189 36.0416 35.118 34.4573 27.7155

30.6165 35.5847 37.1026 36.8981 38.8896 36.7131 36.0909 36.3078 36.1945 38.3592 35.9964 29.0324

29.9238 28.9906 36.9849 34.808 36.7398 36.1616 37.8364 36.8557 37.818 40.2213 36.1495 24.7069

25.2152 31.8035 30.342 30.5248 31.8752 31.4248 30.2097 30.6376 31.3257 34.459 31.0816 26.6852

Light yield Map 5BGA2, 111 & 1111 cut, angle compensated v4, LY4
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Light yield Map 5BGA2, 111 & 1111 cut, angle compensated v4, LY4
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Edge treatment

• High and uniform light-yield, except for the edge channels (~30–50% lower).

• Reason: coating of edge channels is difficult.


• Baseline solution: stick an auto-adhesive reflective foil, but limited improvement.

Reflective foil Varnish

Glue+TiO2
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23.3312 27.8688 38.3569 38.5203 39.0008 39.1538 35.9848 37.1995 36.71 37.0599 36.3345 20.0516

24.0153 39.0364 37.5658 38.5134 37.7523 38.4094 39.3736 38.6504 37.8108 37.6523 37.6982 23.1655

23.7959 35.6252 35.8598 36.4452 35.87 36.1578 38.1813 36.6034 36.608 37.4278 37.3978 23.6238

22.5393 36.5019 36.1478 36.0811 35.6551 37.2492 40.3194 38.4018 37.6968 35.9819 33.2393 21.1445

20.4094 33.5174 36.063 35.7227 36.8883 38.3762 41.9511 43.3003 39.5782 27.7073 31.0484 19.1144

20.2614 34.4255 27.6989 37.3958 40.0505 39.0089 40.1995 41.2554 37.7407 37.2265 32.1489 20.5887

22.6601 38.2318 38.2823 44.7595 41.176 40.3668 40.8926 41.5125 41.3147 41.5562 35.2891 21.5798

24.2936 37.6698 38.2114 40.9824 40.5062 41.5575 39.6162 43.5123 38.9355 39.2743 39.1539 23.3715

25.4253 37.4659 39.477 39.3713 39.732 38.4341 39.036 39.8951 40.1473 42.5324 38.8517 25.1115

24.8009 29.4881 39.3971 36.1632 38.276 37.8934 40.7489 38.9537 39.2663 42.4199 39.1782 19.8309

17.5464 24.5239 24.6702 24.2462 25.5245 25.1765 24.6872 22.4339 25.851 26.9286 24.394 17.0048

Light yield Map 5BGA2, 111 & 1111 cut, angle compensated v4, LY4
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Light yield Map 5BGA2, 111 & 1111 cut, angle compensated v4, LY4

• Improved solution: spray a white varnish.

• Up to perfect recovery, yet with large efficiency variation. Encouraging!

• Due to variations in spraying. Systematic method under development.
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22.03.2022 DPG 2022 - Anna Rosmanitz 11 

Energy Calibration: MIP 

� For MT10: Light yield too high for electronics 
settings now 

� Bump in falling edge 
� MIP value cannot be calculated accurately enough 
� Need for additional calibration 

 

pe pe 
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Energy Calibration: MIP 

� For MT10: Light yield too high for electronics 
settings now 

� Bump in falling edge 
� MIP value cannot be calculated accurately enough 
� Need for additional calibration 

 

pe pe 

• Light yield of newest prototypes (MT10) too high for the 
current electronics settings!


• Light-yield:

• Single tile layers: ~15 p.e. / MIP 

=> readout in high-gain.

• Megatile layers: ~35-40 p.e. / MIP 

=> readout in high-gain or low-gain!


• MIP peak in the gain transition region:

• Difficult gain intercalibration needed.

• Landau fit often imprecise due to bump in tail.


• Discovered during Sept. 2021 TB.

• Settings to be corrected for next test beam (CERN).

8

Light-yield

Single tile

Megatile
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Cross-talk

𝜸

μ/e

• Must be careful with air gap:

• Too large ⇾ optical cross talk.

• Simu: 3.5% for 100 µm.


• No need for 0% cross-talk: 
expect hadronic showers.


• Using August 2020 TB data:

• uniform cross-talk ~1.6 %.
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• Test beam in 2020 and 2021: lots of data taken with a telescope setup.
• Precise positioning of particles => very fine scan of the transition between two channels.

10

“Minimal dead area”

Scanned area
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• Test beam in 2020 and 2021: lots of data taken with a telescope setup.
• Precise positioning of particles => very fine scan of the transition between two channels.
• Hit efficiency map: given a track in the telescope, was it detected in the tile layer?

10

“Minimal dead area”

Preliminary plots from Jiri Kvasnicka

Scanned area

Individual tile layer:

100% inside, 50% between tiles

Megatile layer:

100% everywhere.

No dead space in trenches!Dead space between tiles.
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Ageing studies

• Initially prompted by sudden drop in 
measured LY of proto #6. 


• Continuous monitoring (regular 
measurements) since then.


• Average light-yield: observe slow 
decrease of ~5% / year in all 
prototypes.

Improper 
storage

Gluing test

Successful 
gluing
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• Same monitoring on single tile layers:

• 1-1.5 % / year.


• Hypotheses:

• Intrinsic ageing of the scintillator?

• Reaction due to glue+TiO2 mixture?


• Tests ongoing:

• Build single tile from megatile 

scintillator.

• Put glue mixture on a single tile.

• Controlled light exposure.

12

Single tile layer monitoring
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• Edge channels:

• Coating is difficult, but spraying a white varnish recovers the performances.

• Optimisation and systematic method under development (# varnish layers).


• Foil gluing on top and bottom of the megatile:

• Improves the overall light-yield.

• Cross-talk under control: ~1.6 %.


• Long term monitoring still ongoing. Goal: determine cause of slow light-yield decrease.


• Recent TB analysis showed we must be careful with electronics configuration.

13

Conclusions
Megatile = promising concept: improves mass production 

while maintaining a high light-yield, low cross-talk and improving hit efficiency!
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• Ageing tests under way:

• Intrinsic ageing of the scintillator?

• Reaction due to glue+TiO2 mixture?

• Light exposure?


• Looking forward to the CERN Testbeam: hope for a full Megatile layer (4 boards).

• Combined run with KLauS HBU?

• Efficiency between Megatiles?

• First hadron beam for the Megatile!

14

Ongoing and future tests

Issue with worldwide 
supply of glue :(



BACKUP

15
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• No clear trend (sometimes ⬀, sometimes ⬂), < 0.5% / year.

16

Single tile gain evolution
Bottom layer Top layer
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Megatile gain evolution
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1. Central tile defined as Megatile 
channel aligned with two single 
tile channels in coincidence.

18

Cross-talk analysis

2. Cut on central tile p.e. (select only high energy events). 

3. XT < [pe in neighbour] / [pe in central]
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Event selection:

• Exactly 1 hit in each single 

tile layer.
• Hit energy in single tile  

layer > 0.7 mip.
• Energy in neighbour < 0.7 mip.
• Energy in central > 0.5 mip.

19

Cross-talk analysis

Double hits
Trench 
region

Real XT



CALICE Collab - 21/04/2022Antoine Laudrain (JGU-Mainz) Megatile status and test-beam analysis

• Light yield depends on what glue + TiO2 mixture is filled in the trenches:

• Absorption/reflection vs 𝞴 depends on concentration, size  

and shape/phase (rutile vs anatase) of TiO2 granulates  
in the glue.

20

Glue + TiO2 mixture
M

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

hem
. C

, Vol. 112, N
o. 7, 2008


Tailor M
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ie Scattering C
olor Filters M

ade by Size-
Tunable Titanium

 D
ioxide Particles

Granulate 
size

• Glues are known to acquire a yellow shade with time.

• Amplified in presence of light (UV) and additives (like TiO2).

• Current choice is one with lowest ageing effect 

(10% yellowing threshold after > 15 years). 
 
➞ Epotek 301-2-FL

• Trade-off:

• Liquid enough to flow in the trenches.

• Adequate granularity for reflection (impact light yield).


• Tested optical properties of various Glue + TiO2 mixtures.

• Improved in latest prototypes (good baseline since proto #5).

Jane L. D
ow

n, Studies in C
onservation Vol. 29 N

o. 2 (1984)

The Yellow

ing of Epoxy Resin Adhesives: Report on N
atural 

D
ark Aging

https://www.researchgate.net/publication/335541851_Tailor_Made_Mie_Scattering_Color_Filters_Made_by_Size-Tunable_Titanium_Dioxide_Particles
https://www.jstor.org/stable/1506076?seq=1

