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Reminder: current “standard” AHCAL

|

* | Each single tile must be
wrapped In reflective foll.

Reflective foll cut by laser

Antoine Laudrain (JGU-Mainz) Recent Megatile results BMBF scint. RD - 06/07/2020 3



Reminder: current “standard” AHCAL

* | Each single tile must be

wrapped in reflective foll.
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* Each tile must be placed
individually on the HBU.

Reflective foil cut by laser .
Y Other side
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Reminder: current “standard” AHCAL

* | Each single tile must be

wrapped in reflective foll.

* Each tile must be placed
individually on the HBU.

e Can be automated but... Reflective foil cut by laser

(Other side)

* Not so simple,
e dead area between tiles.

29.05 mm ; Reflective foil

3 mm
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Megatile concept

* Build one single 36x36 cm? tile.

smm (TiO2 + Glue)
« Segment it with optical insulation: L /\ 4
reflective glue with TiO2.

Optical Trench
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Megatile concept

BU”d One Single 36)(36 Cm2 tile Optical Trench

Smm (TiO2 + Glue)
Segment it with optical insulation: L /\ A
reflective glue with TiO2.

Put large reflective foil sheet o \

d I e Ct‘y on H B U 3mm Op.tical Tenen Reflective Foil
. . . (TiO2 + Glue)
(with laser-cut holes for SiPM)

' HBU

Alr gap (30'100 rlm) @ ..ot gt
to ensure total reflection.

Calib LED

 No change to SiPM:

e Same HBU
e Same electronics boards

e Same readout
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Megatile concept

BU”d One Single 36)(36 Cm2 tile Optical Trench

Smm (TiO2 + Glue)
Segment it with optical insulation: L /\ A
reflective glue with TiO2.

Put large reflective foil sheet o
direCHy on HBU — C(’?%‘;LT;T”C;‘ Reﬂecthoil
(with laser-cut holes for SiPM)

HBU

Air gap (30-100 pm) e--e BEE Calib LED
to ensure total reflection.
 No change to SiPM:
e Same HBU
& ~ No dead area!  Same electronics boards

~, . e Same readout
& Easler assembly.
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The Megatile experience

o Project started in 2017 Cosmic test stand @ Mainz
* Already 6 prototypes built with el v | 22— S

continuous improvement. i 4 | M——

* Only current status presented here,
not the evolution.

 Continuously tested in cosmic test
stand @ Mainz.

* Already 2 test beams @ DESY.
0 1

2017 2018
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Megatile concept

Dimple shape: already optimised for single tiles.
ITrench 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

Dimple shape: already optimised for single tiles.

ITrench 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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* Must be careful with air gap:
* [oo large = optical cross talk.

e Simu: 3.5% for 100pum.
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Glue + TIO2 mixture

ARE

LY depends on what Glue+TiO02 mixture is filled in
the trenches:

Size of TiO2 granulates depend on the solvant.

* Absorption/retlection vs A depends on
concentration of granulates in the glue.

| g—

X l r 4 L
. : - f‘ N\ Ps y — -
“ . ; . o ue P ana ' % —~ '} 3
- v . 3 ' A .'_" L P .
2 s R4 oul 'S “¢ ‘< &
. : “0 "ev p y L)
! " 2 3 . oL L N
> Yol ;\... p- ’ Sl : p ‘ /
e o L
S S i 0y " g
gl A - ‘. (
b ", | !

300 350 400 450 500 550 600 65 700
Wavelength (nm)

SO[0IlB4 9PIX0I(] Wniue)l| 8|geun|-azIg AQ ape|N SJal|iH J0jo0) Bulieneos aijN spe|A Joje]

800C 'Z ON ¢I'T TOA D 'WwayD SAUd T "Te 1o Tes] oely Uiy

Antoine Laudrain (JGU-Mainz) Recent Megatile results

BMBF scint. RD - 06/07/2020

/


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

Glue + TIO2 mixture
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Trade-oft:
* Liguid 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). M W M0 0 w0 S0 G0 & T
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Megatile: a promising concept

* High light-yield = 32 p.e.

~ as single wrapped tile «= &= K —35
J
I —_—
 Cross-talk: ] 30
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The Megatile experience
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Ihe Megatile experience

Edges cells
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First problem: low light-yield tor edge cells
» Light yield: i e [

J 30.607 33.137 32.796 32.087 31.232 32.417 29.506

e _= High and uniform in the center ~32 p.e. | . e v e e

H 29.878 27.449 37.333 33.890 34.831 32.380 29.963

(as for wrapped single tiles) N .
 Edges: ~20 p.e. - [ma s socr 00 ——

27.746  30.064 30.403 31.395 31.226 31.539 29.188

m

28.537 29.976 29.255 30.587 32.128 32.234 31.451

30.597 32.138 31.719 33.180 32.709 32.496 31.207

w O O

31.994 32.637 32,574 32.132 32.389 31.560

* Reason:
o & Coating of edges is technically difficult. oty o Vet Lva Megatile prototype 6

>

h5
— — Entries 144
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-~ / RMS 5.881
16— x2 / ndf 13.4/9
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First problem: low light-yield tor edge cells
» Light yield:

e <& High and uniform ir

the center ~32 p.e.

(as for wrapped single

 Edges: ~20 p.e.

Reason:

Current workaround:

iles)

o & Coating of edges is technically difficult.

* Adhesive reflective foil on the edges.
* Not easy either.
* Limited improvement.
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F|rst prcb\em low tht vield for edge cells

varnished

Not varnished (retlective foil)

* |dea: spraying of TiO2 glue on edges.
* Recent development: finally found a suitable one!

* Hirst test in cosmic bench: analysis ongoing!
First results on next slide.
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First problem: low light-yield tor edge cells

0.991

1.064 1.047 1.120 1.049  1.145 —\Varnish

1044 - 0992 - 1002

1.069 1.081 1.040 1.073 1.022

1.082

 Improvements on light-yield.
* Light-Yield result for the same Megatile, . 15-25% on edges

before and after varnishing
the edges of the top-right quarter.

35% for corner
uniformity within 10% of central cells!
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The Megatile experience
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Ihe Megatile experience

Alr gap
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Second problem: TB/Cosmics X-talk difference

Cross-talk in cosmic stand
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e Jest beam:
Up to 15%
Large variations
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Second problem: TB/Cosmics X-talk difference
g - T A

T I R
Reflective toll Neoatile
 —
H
* Due to air gap:

 Cosmics bench setup is vertical. .

| Airstack [

Cassette
(reflective foil)

Beam telescope

e Jest beam Is horizontal.

"

e Currently, air gap size is not controlled.

MT+HBU

Movable stage
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Second problem: TB/Cosmics X-talk difference

* Currently, reflective foil not attached to the Megatile (but to structures) \\\e\“‘\‘
: . . o‘\"\g
* Proposed solution: add some glue lines on top of the megatile onS
Not controlled air gap L — Retlective foll
Smm /—\ ?? itci)C; LT;S ;;]
/ Glue\\ /. Reflective foil

7a \\ /49_

Optical Trench

3mm Not to sca/e//—\ (TiO2 + Glue)
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Second problem: TB/Cosmics X-talk difference

* Currently, reflective foil not attached to the Megatile (but to structures)

e FRIEANAAP

" |Not controlled air gap

Optical Trench

/ /
,/ /
[/

(TiO2 +Glue) £/

; — Reflective foll !

' Reflective foil| |

Optical Trench

(Ti02+Glue) £/

* Proposed solution: add some glue lines on top of the megatile

3

ia S - (R i, e S g rant e S e = e SRt oA e oot N e i S e — Sl 2 e S i

 Tested on dummy plexiglas (safety).

* Technical issues being worked out, almost solved.

* Once ready, test in comics bench.

/
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Conclusion and future

 Lightyield as good as wrapped single tile.
 Reasonable cross-talk.
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Conclusion and future

Promising concept: improves mass production

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

Expected last two main challenges: very close to solution

Light yield in edge cells*/ \\>Air gap

Gluing reflective foil is not enough.
nvestigating spraying of TiO2+glue.
-irst results last week, ongoing!

* |nvestigating thin glue deposit.

e TJechnical Issues almost solved.
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Conclusion and future

 Lightyield as good as wrapped single tile.
 Reasonable cross-talk.

* @Gluing retlective foil is not enough. * I|nvestigating thin glue deposit.
* Investigating spraying of TiO2+glue. * Jechnical issues almost solved.
* First results last week, ongoing!

Ex: single tile unifor
= 30— ———
+ Investigations ongoing at local cosmic test stand using MT5. g L -
* Planned test-beam @DESY in August. Reproduce in TB —> 15 _________________________________________________________________________________________________________ ,fi’_’
 Uniformity measurements with new MT6. — wnatis done @ MPP-Munict 10 e f
« Edge coating should be ready. 5 """""""""" """""""""" """""""""" """""""" _ :
* Technical gluing issues close to solution. i "'éo"'é's)'('[’rjg]'f
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