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Light yield comparison b/w 30mm tile and 60mm tile

Light yield at 30mm tile
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- Excellent uniformity in tile response

~ Light yield at 60mm tile (~18p.e.) is 50% smaller

than that of 30mm tile (~43p.e.).

2 y
SiPM S12571-025P(1xTmm?
Mean : 43.1

o Using SiPM with a larger sensitive area, the

light yields can easily be recovered.

¥

- The 60mme-tile performance is good enough to be

mounted

~ Available in production of HBUs with larger tiles

Light yield at 60mm tile
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hole for putting MPPC

30mmx30mm

EJ-212 <t is different from actual tile material on HBU 2 /10



HBU with 60mm tile

- Detection layer with special HBUs with 60mm tiles
instead of default 30mm tiles is constructed.

- Design concepts

o Try to be as consistent with standard 30mm tile HBU
as possible.

o Light yield degradation is compensated with
larger SiPM (1.3x1.3mm2—2x2mm?2)

6x6 tiles per HBU

o Use standard HBU (HBUBG)
o Tile is readout by SiPM at shifted position
o Same design of reflector foil (ESR)

o Manual tile assembly

o Four HBUs with 144 x 60mme-tiles in total has been
produced and will be added to large prototype.

- Next time, dedicated HBUs will be produced where

o Tile is readout by SIPM at center
o # of readout channel x 1/4
o #of ASIC x 1/4




2x2mm?2 MPPC

2x2mmez2 active area and 25 um pixel pitch)
o Discrete array of 4xTSV MPPC S13615-1025
o Through Silicon Via (TSV) technology

o Active area 1x1mmz2, pixel pitch 2bum

o Same properties(PDE, gain, breakdown voltage,...) |
as for S13360-1325PE used in standard HBU

<~ No wire bonding = minimum dead space
o Package is only slightly larger

o No change of dimple size

- We expect 2.4 times larger light yield by using 2mmxZ2mm MPPC than default
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Tile production

< Scintillator tiles are produced by injection moulding, which is suitable for mass

production.
~ Best parameters of injection moulding found in our previous studies.
o (p-Terphenyl, POPOP) = (3%, 0.1%)

o 60x60mm?2 tiles are cut out from a larger plate with a thinkness of 3mm
produced by injection moulding

o Polished at tile edges
o Machining of dimple

<~ The light yield of this polystyrene-based scintillator is 70% of that of commercial
PVT scintillator (EJ-212)
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Tile performance test

~ Measure the performance of 60mm tile with shifted SiPM readout
o Position dependence of light yield
o MPPC S13360-1325PE (1.3x1.3mm?2)
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Position dependence of light yield

- Measured light yield (mean) : 11.8
=) 27.9 expected with 2x2mm?2 MPPC
<~ Non-uniformity ~ 9.8% (RMS)

~ Light yields and uniformity don’t change significantly compared to center
readout.

Prototype test(1.3x1.3mm?2 SiPM)
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Reflector & MPPC soldering on HBU

- Reflector
© 3M ESR Vikuiti (65 um-thick)
<~ Similar geometry to one used for 30mm tile
o Laser-cutting done by a company

< Manual wrapping

-~ MPPC soldering on HBU
o Use one of 4 MPPC pads

MPPC Not for use HBU with MPPCs

30mm
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Completed HBU with 60mm tiles

Front view Back view




Operation voltage & Light yield

ADC distribution by LED 5660mV

Number
~ Over voltage of 2mm2 MPPC at Tokyo 1600
module is lower than standard 1.3mm?2 LanoE- 4
MPPC. -
1200 —
o Concern about saturation due to higher &
light yield smE_
~ LED calibration successfully done 600
o The peak of single photoelectron is 400;—
clearly resolved 200
2001 II4SI()IIIIS(|)0IIIIS;OIII 600
ADC

~ Light yield of scintillator tiles used in Tokyo module is higher than Russian one used
In standard HBU.

o Tokyo module : 21 p.e.
o Standard : 14 p.e.

< Plan to compare light yield between 2 types of tiles

< 30mm?

o Center readout by 1.3mm2 MPPC
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Installation to test beam

~ Installed into the large prototype only at June test beam.

< Not ready at May test beam

~ Pre calibration tests
o~ Lab test by using Sr90 at Tokyo
o Cosmic ray by using test stand at DESY

< No calibration by using electron beam at DESY.




MIP check

225
'_E -

- Reconstructed by
steering_reco_withTailCatcher_2018ju
neCern.xml

o Tokyo module has slightly larger MIPs
compared to standard HBUSs.

o Fit by langaus function.

o 17% larger on average.

- Some cells have smaller MIPs
o 5-16% smaller.

o Lot difference? Something wrong
with MPPC?
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Hit map Muon 40GeV 4th position
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MIP map

MIP map of Tokyo module




Summary

-~ Geometry of Tokyo module
o 144 pieces of 60mm square tiles
<~ Shifted readout by 2mm square MPPC
o Almost no degradation about light yield and uniformity
<~ MIP calibration on going
o Almost all cells have larger MIPs

o 17% larger on average

- Prospects
o Create the configuration file for reconstruction
o Pedestal and gain search by using test beam data
< Whether or not saturation of MPPC occurred
o Mixed granularity study

o Replace all 30mm?2 tiles to 60mm?2 tiles
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Pion w/ and w/o PP in May data
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cogZ Pion40GeV w/ and w/o PP
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cogZ Pion120GeV w/ and w/o PP
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cogZ Pion160GeV w/ and w/o PP
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Summary & Prospects

o energySum has some offset between w/ and w/o PP.
o The larger beam energy is, the larger offset it has.

- The other parameters of cogZ, hitEnergy and nHits have no difference.
~ Prospects

o Cut the contamination of muon and electron.

oLinearity of energySum
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Backup
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Motivation of this study

< Toward the construction of ILC, it is necessary to make a more realistic design of ILD
detector.

o Granularity of AHCAL is revisited.
< Possibility of mixed granularity with larger scintillator tile at outer layers is under study.
- We can reduce the number of readout channels, and thus reduce cost.

~ Previous studies showed that 30mm x 30mm tile can be replaced with 60mm x 60mm
tile at least up to latter half of layers without significant performance degradation.

¥

< The performance of the larger tile than 30mm square hasn’t ever been tested.

o Larger tile is technically more difficult in terms of light collection efficiency.

o Light yield and uniformity of 60mm square tile is studied.

Jet enerav resolutions expected for different confiaurations of aranularitv
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Daniel’s slide

o 1.23 MIP
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Discussion

- 2mm2 MPPC needs bias voltage of 58.8V, which is larger than 1.3mm2 MPPC of
57.17V for standard HBU.

- Problem

o When using 2Zmm2 MPPC at 57.17V, we cannot see the signal such as single p.e.,
SO increase the voltage to get almost the same gain as the standard HBU.

o The setting of 58.8V is too high for temperature compensation algorithm at
CERN test beam. This setting is too close to the upper limit of high voltage
system.

© 6400 pixels of 2Zmm2 MPPC are too much to fit completely into the dynamic
range of SPIROCZ2E, compared to 2700 pixels of the standard 1.3mm2 MPPC.

~ Discussion

o For temperature compensation, we should know the temperature coefficient of
2mm2 MPPC.

o Whether or not Vbr is the same as described in Hamamatsu’'s data sheet.

o With current setting of 58.8V we fit ~3000 pixels corresponding to 150 MIPs, but

the normal voltage of 57.17V would bring us a step in the right direction (to
~190 MIPs).
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Temperature coefficient

-~ 3S13615-1025 (1mm2 MPPC) and S13360-1325PE (1.3mm2 MPPC) have the same
temperature coefficients at the catalogue.

o 54mV/C

-~ When asked Hamamatsu, S13615-1025 has the same coefficient as S13360-1325PE
of 54mV/°C

- We also ask Hamamatsu the lot difference.

~ A number of S13360-1325PE used in AHCAL large prototype are not tested pre-
shipment inspection of specification values at Hamamatsu.

= Spot checks are done at these MPPCs in Heidelberg. They tested Vbr and
temperature coefficient.

o 54.4mV/C

a= Electrical and optical characteristics (Typ. Ta=25 °C, unless otherwise noted) coefficients
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< It is unlikely that Hamamatsu's data sheet is wrong, so we compare Vbr between our
2mm MPPC and S13360-1325PE used in standard HBUs.

< The average Vbr of 13615-1025 used in 2Zmm MPPC is 52.5V.
~ The catalogue Vbr value of S13360-1325PE is 53(+5)V.
~ The average Vbr at Heidelberg tests is 51.9V.

Vbr

<~ The value of 51.Vis 1.1V lower than the specified value of Hamamatsu, and 0.6V

lower than S13615-1025.

a= Electrical and optical characteristics (Typ. Ta=25 °C, unless otherwise noted)
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Breakdown-voltage

o Vbr at Heidelberg tests is calculated by bias dependence at the gain of single
photoelectron.

o The specified value of Hamamatsu is calculated by [-V curve.
~ There is systematically difference of Vbr values between two methods.

<~ Vbr calculated by the gain of single photoelectron is 0.2-0.3V higher than the values
of Hamamatsu.

o MO’s study

< To sum up, Vbr of S13615-1025 used in 2mm MPPC is 0.9V higher than
S13360-1325PE used in AHCAL.

Gain by single photon measurement
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“Performance study on larger scintillator tile for granularity optimization at LD AHCAL”
ALCW?2018, May 28 - June 1, Fukuoka International Congress Center

Naoki Tsuji, The University of Tokyo

o Gain calibration by LED
o Use One of 4 LEDs which is closest to MPPC

o MIP calibration by Sr90
o Put Sr90 next to MPPC position (30mm away)

o Self trigger
< Note that 8 from Sr-90 is not MIP

o Correction based on expected difference
from MIP response

o MIP value is 83% at the peak value of
Sr-90 according to simulation study.
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“Performance study on larger scintillator tile for granularity optimization at LD AHCAL”

Naoki Tsuji, The University of Tokyo

ALCW?2018, May 28 - June 1, Fukuoka International Congress Center
a Typical ADC distribution v
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“Performance study on larger scintillator tile for granularity optimization at LD AHCAL”
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MIP-equivalent Light Yield

- MIP value is 83% at the peak value of Sr-90.

~ Light vield ranges between 16-23 p.e.

o Mean value is 19.4 p.e.
o Typical 30mm-tile light yield is 14 p.e.
<~ No ASIC dependence

Light yields for all 60mme-tiles on 4 HBUs
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Caution

=~ 3r-90 scan is measured at the reference position

o LY at reference position should be corrected to
the mean value of 60mm tile.

o Mean value : 11.8 p.e.

o Reference position: 11.3 p.e.
o LY should increase by 4.3%.

~ 3r-90 is not MIP, but the peak value is equivalent to
MIP value.

o By simulation, the energy deposit is
o 3GeV e-:0.463 MeV
o Sr-90 : 0.559 MeV
o MIP value is 83% at the peak value of Sr-90.
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Breakdown-voltage

~ The standard setting has some safety margin on the 2700 pixels of the standard
1.3mm MPPC.

<~ 6400 pixels of 2mm MPPC

o~ Need to be careful to see how large the maximum signals are that we can
measure.

~ With the current settings (600 fF HG, 1200 fF LG) and a gain value of 18ADC/pixel,
we fit ~3000 pixels

o Corresponding to 150MIPs with the LY at 2mm MPPC

- We will not be able to fit the 6400 pixels, but the normal Vover of 57.17V would
bring us a step in the right direction.

o To ~190 MIPs.
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Tiles with screw holes

= 24 pieces of tiles (6 per HBU) have screw holes in order to fix HBU with stack.

o Insert the long reflector and cover the hole.
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LY difference about tiles with holes

< Tiles with screw holes are worried about light leakage, so compare tiles w/ holes with
tiles w/o holes.

< Histogram shows light yields distribution both w/ and w/o screw holes.
o Average LY w/ holes : 18.6
o Average LY w/o holes : 19.6

< Tiles w/ holes have a bit lower light yields than w/o holes.
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MIP map of Tokyo module
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