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The AHCal baseline design

Ethernet uplink,
clock, control

 AHCal: Analogue Hadronic Calorimeter
e Plastic scintillator tiles.
e SiPM readout.

e Jotal 8M channels!

e . S

Cassette

HCAL Base Unit
(HBU2)

g :ﬂs&\
DAQ interface boards
DIF, CALIB, POWER

LDA (for 2x48 layers)

)
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The AHCal baseline design

Ethernet uplink,
clock, control

AHCal: Analogue Hadronic Calorimeter
e Plastic scintillator tiles.
e SiPM readout.

e Jotal 8M channels!
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' DAQ interface boards
DIF, CALIB, POWER

1 board = 36x36 cm? (144 channels)
1 channel =

1 SIPM (Hamamatsu S13360-1325)
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* 1 scintillator tile polystyrene

(30 x 30 mm2, 3 mm thick).
Individually wrapped in reflective foll
and glued on PCB.
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The AHCal basehne deS|gn

 AHCal: Analogue Hadronic Calorimeter
e Plastic scintillator tiles.

 SiPM readout. i
- ' /mrnmm pswswm
* [otal 8M channels! T S l’" T '

1 board = 36x36 cm? (144 channels)
1 channel =

1 SIPM (Hamamatsu S13360-1325)

-4

* 1 scintillator tile polystyrene
(30 x 30 mm2, 3 mm thick).

Individually wrapped in reflective foll
and glued on PCB.

Large prototype built in 2018, TB at CE
Feasibility demonstrated with 22000
channels, but tedious assembly:.
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Megatile concept

Build one single 36x36 cm? tile. . Nimople pricalren
Cut trenches and fill with optical insulation. /\

Pour flowing glue + TiO2 mixture — reflectivity.

Optimal angle: 30°, minimise dead area.

Optical Trench

-
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Megatile concept

Build one single 36x36 cm? tile. . Nimople opticalTrenc
Cut trenches and fill with optical insulation. , /\
Pour flowing glue + TiO2 mixture — reflectivity. l

Optimal angle: 30°, minimise dead area.

/ [
: . . AirGap  3mm Cz;Jit(i)c;IJrT(rsellr:ch
Glue reflective foil sheet directly N /\
- SiPM

on the megatile (with laser-cut
holes for SIPM)

HBU

ED

Glue dots

Air gap (<100 pm) to ensure total

reflection. » No change to SiPM:
e Same electronics boards.
e Same readout.
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Megatile concept

BU”d One Single 36)(36 sz tile 3mm Dlmple (??t(i)c;nglenc;w
Cut trenches and fill with optical insulation. | /\
Pour flowing glue + TiO2 mixture — reflectivity. l

Optimal angle: 30°, minimise dead area.

/

U c . Alr Gap 3mm (??t(i)C;LT;nCh
Glue reflective foil sheet directly . /\ 02:+Gly
- [sipm]

on the megatile (with laser-cut

holes for SIPM) Glue dots

J

Air gap (<100 um) to ensure total -
- SRR | T | o[- -{-1-\-\
reflection. TR o= =11\ \
Y ey
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n real life: § nnnn-nnnnnnn |
e & ~ No dead area! poooononnun
| nnn oooannnon

o <& Easier assembly. Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

HBU
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I'he Megatile experience

* Project started in 2017.

* Already 10 prototypes built with
continuous improvement.

_Today! )

0 1 3 HAH5  #6 7 8910 }Z’?

2017 2018 2019 2020 2021 2022
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I'he Megatile experience

Cosmic test stand @ Mainz detector lab

* Project started in 2017. - e S A
* Already 10 prototypes built with Lo IR SRR
continuous improvement.

-
-

 Continuously tested in cosmic test
stand @ Mainz.

0 ] 3 #4#5 o
2017 2018 2019 2020
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I'he Megatile experience

Cosmlc test stand @ Mainz detector lab

* Project started in 2017.

* Already 10 prototypes built with
continuous improvement.

 Continuously tested in cosmic test
stand @ Mainz.

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

0 ] 3 #4#5
2017 2018 2019 2020
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Megatile performance
from cosmic and test-beam data



39.3971:36.1632: 38.276 :37.8934:40.7489:38.9537 :39.2663:42.4199:39.1782 , ] | _“
37.4659: 39.477 :39.3713: 39.732 :38.4341: 39.036 : 39.8951:40.1473:42.5324 :38.8517 - .
‘ -

Glue+TiO

ol '

Reflective foll

* 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.
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Cdge treatment

31.8035: 30.342 :30.5248:31.8752:31.4248 30.2097 :30.6376 :31.3257: 34.459 :31.0816

39.3971:36.1632: 38.276 :37.8934:40.7489:38.9537 :39.2663:42.4199:39.1782

37.4659: 39.477 :39.3713: 39.732 :38.4341: 39.036 : 39.8951:40.1473:42.5324 :38.8517

Glue+TiO
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Reflective foil  Varnish

A B C D E F G H I J K L

* 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.
 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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L ight-yield

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

Light-yield:
e 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).
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Cross-talk

5350 —] 0.030
* Must be careful with air gap: 2
* Too large - optical cross talk. ~300 0.025
e Simu: 3.5% for 100 pm. 250
0.020
200
 No need for 0% cross-talk: 0.015
expect hadronic showers. 150
0.010
] 100
* Using August 2020 TB data:. ) 00s
e uniform cross-talk ~1.6 %. >0k
% 50 100 150 200 _ 250 300 350 O
“/e X position

Optical Trench

Reflective Foil
(TiO2 + Glue) RS

HBU
LED
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‘Minimal dead area”

 Test beam in 2020 and 2021: lots of data taken with a telescope setup.
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Precise positioning of particles => very fine scan of the transition between two channels.
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‘Minimal dead area”

 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?

Individual tile layer: Megatile layer:
100% inside, 50% between tiles 100% everywhere.
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Dead space between tiles. ISR | No dead space in trenches!
.15 60.3  coordinate o] 90.45 120.6 30.15 60.3  coordinate o] 90.45 120.6
Preliminary plots from Jiri Kvasnicka
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Ageing studies

Light Yield using central cells only

1.1
Successful MT6
1.05 - gluing L MT7
~1.004 1 . 1S
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Time since first measurement [days]

nitially 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.
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Single tile layer monitoring

Average LY normalised to first value
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* Same monitoring on single tile layers:
e 1-1.5% /year.

=

)

Ul

B
o
na

) Hypotheses: { —— (1.05+0.00521) +x-(—0.0148 = 0.00326)
* Intrinsic ageing of the scintillator? (1.05 = 0.00525) x exp(x - (—0.0144 = 0.00316))

* Reaction due to glue+TiO2 mixture?

Top layer (ST)
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 Tests ongoing:
* Build single tile from megatile
scintillator.

* Put glue mixture on a single tile.
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Conclusions

 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 IB analysis showed we must be careful with electronics configuration.
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Ongoing and future tests

* 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” Issue with worldwide
* First hadron beam for the Megatile! supply of glue :(
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Megatile gain evolution
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Cross-talk analysis

topChannel_221

1. Central tile defined as Megatile
channel aligned with two single

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

3. XT < [pe In neighbour] / [pe In central]
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Cross-talk analysis

hit energies

Event selection:

 Exactly 1 hit in each single
tile layer.

* Hit energy In single tile
layer > 0.7 mip.

* Energy Iin neighbour < 0.7 mip.
 Energy in central > 0.5 mip.

A
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Glue + TiIO2 mixture

Light yield depends on what glue + TiO2 mixture is filled in the trenches: ;i z
. Absorption/reflection vs A depends on concentration, size A 32*
and shape/phase (rutile vs anatase) of TiO2 granulates — 076 fim h

in the glue Granulate 2%

. : size lls

Trade-off: S P
 Liquid enough to flow in the trenches. 5B
« Adequate granularity for reflection (impact light yield). L L
. . : —_ : 300 35 400 450 500 550 600 650 700 S

Tested optical properties of various Glue + TiO2 mixtures. —_ Wavelength (nm) e
Improved in latest prototypes (good baseline since proto #5). e PR2400 (1) e§>:g
0.3 - ES@??E :‘}2‘);":; adduct i ‘§ %

Glues are known to acquire a yellow shade with time. S T gk
» Amplified in presence of light (UV) and additives (like TiO2). S & oo _A-"""75 s
» Current choice is one with lowest ageing effect £ s i 1
(10% yellowing threshold after > 15 years). 2g o 2 E
~ Epotek 301-2-FL LR L
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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

