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Scintillator Material Study: Reminder

Relative light yield

¢ Poly-vinyl toluene (PVT):

») Higher light yield

&> Production (casting+machining) is cumbersome.
e Polystyrene (PS), Estyrene-MS (MS)

=) Moderate light yield

Ratio to PVT

~ Production (injection moulding) is easier. _ a. Scmtlllator S|Ze 3.x3@x3mm3

. S|de readout by SlPI\/I (1 ><1mm?)
. Ilrradliated by Sr—9(i) | -
~90 12 72 16 18 20 22 24 26

Distance from SiPM [mm]

e PS can be a good candidate material.

—No significant difference in both reflection and attenuation
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Scintillator Material Study

¢ Primary fluorescent: p-Terphenyl
e Secondary fluorescent: POPOP

injection molding ‘o different
combinations of fluorescent concentrations
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New Scheme for AHCAL Tile Readout:
Reminder

Standard readout

* SiPMs are located at vertices of scintillator tiles and
detect scintillation light from four adjacent tiles.

¢ Tile hit is defined by taking a coincidence on four SiPMs
belonging to the tile.

¢ SiPM charge is split to hit tiles if shared by adjacent hit

tiles.
Scintillator cell

(W Prototype test

Sr90 - Scintillator Tile

Frame 1

* Reduced random noise by taking a coincidence over multiple
SiPMs

¢ Excellent uniformity and light yield coaler
e Still operational even with dead SiPM(s) \ RefereEounter
* Reduced number of calibration LEDs

Single SiPM

i

¢ Cluster smearing due to fake hits : _ \ %
e Intrinsic fake hit when the tile is surrounded by true hit tiles "] . Lo T ITTTRReE LR | -
* Fake hit due to light leakage from neighbouring true hit tile < [Jyi==} " I &
e How to split charge to adjacent hit tiles l. ’ It ik

excellent light yield (35pe)
uniformity (0~3%)

v/
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Simulation Study with Four-corners
Readout

e Implemented in digitisation task of Marlin
* Properties of four-corners readout are implemented
¢ Position dependence in inside-tile response

e Each tile is subdivided into 25 virtual cells (6x6mm? each) to include position-debendent
SiPM output at both hit tile and neighbouring tile (light leakage)

e Taking coincidence to define tile hit

e Each SiPM is shared by four adjacent tiles. Summed SiPM charge is split into adjacent
tiles.

»
SS=irtual hit cell

Generate charge at 16 surrounding SiPMs Split SiPM charge to
according to measured response and neighbouring tiles
define tile hits
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SiPM Radiation Hardness Study

I.Nakamura, JPS meeting, Sep. 2008

* Non-ionising process
A 2L =T R—

e Lattice defect
— Additional energy level—increasing DCR/leak current
* lonising process IS I R
eDamage in interface region btw insulation layer (SiOy) 3x10° n/emd
and Si U RS SRR PR £ ., .
* Modified E-field distribution
e Additional energy level—increasing DCR/leak current

_1x10° n/cm?

. 1x10" n/cm
_3x10'° n/cmi
ey AX107 nfem]

.. 3x10"" n/cmj

!

1000 1500 2000

e ECAL barrel: ~10” n/cm?®/10years (LC-DET-2007-013) Time (ns)

*ECAL endcap (CLIC): < 2x10'" n/cm®/10years (A. Sailer,
CLICdp meeting on Oct. 2, 2013)
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Neutron lrradiation Test

» “NqewgTandem acceleratc
eNeutron from nuclear reaction: °Be+d—'°Be+n ‘ /\ el oy LY <
eNeutron yield: 108 n/sec k]

eIncrease of leak current is calibrated by known flux.

*MPPC (S10352-11-025C)

o1x1 mm2, 25um-pixel

¢ Old version, no suppression on after-pulsing/cross-talk)
*MPPC (S12571-11-025C)

*1x1 mm2, 25um-pixel

eSuppression on after-pulsing only, No suppression on cross-talk
*MPPC (S10943-3186(X))

06x6mm2, 50pum-pixel

e\VUV-sensitive, developed for MEG

eSuppression on after-pulsing only, No suppression on cross-talk

¢2.8x10°, 2.8x10'°, 4.5x10'°, 1.6x10"", 1.4x10'?
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Increase of Dark Noise

Dose[n/cm?]

no dose
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I.Nakamura, JPS meeting, Sep. 2008
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Increase of Dark Noise

— No significant difference of radiation hardness btw old and new versions

DCR before DCR after
Irradiation Irradiation
[Hz] [Hz]

sample 1 3.0x104 4.8x108
SGOEPACN @Vo=2.3V = @Vo=2.3V

1
~
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£
£
<
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sample 2 2.6x104 7.7%x106
SHOEEPA( )N @Vo=2.3V @Vo=2.3V

sample 3 12.7x104 15.6x106
@Vov=3.5v @Vov=3.5v

7.2x%104 14.3x106
@Vov=3.5v @Vov=3.5v

N.B. different V., for old and new
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Gamma Irradiation Test

e MPPC (S12571-11-025C)
¢ 1x1mm?, 25um-pixel

e Suppression on after-pulsing only, No suppression
on cross-talk

e MPPC (S10943-3186(X))
* 6x6mm?, 50pum-pixel
¢ VUV-sensitive, developed for MEG

e Suppression on after-pulsing only, No suppression
on cross-talk

¢1.4kGy, 4.1kGy
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Gamma Irradiation Test

5 310943 (new VUV)

ojH\; T \HHH; T \HHH; T \HHH; T \HHH T 1T

[¢2]

o‘HH; T HHW T HHW T HHW T \HHH T \HHH

*Increase of leakage current ~ x10 @ 1.4kGy
*No significance difference in increase of leakage current btw S12571 and S10943
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Next Steps for Radiation Hardness Study

eNeutrons from reactor
eResearch reactor TRIGA at LENA, Pavia

*SiPMs
eMost recent MPPC (with suppression on both afterpulsing and crosstalk)
VUV-MPPC
*SiPM from FBK-AdvanSiD

eRadiation hardness of candidate materials of scintillator (PVT, PS, MS)
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e Optimisation of scintillator material especially for PS/MS which can be
produced with injection molding.

e Test production has been performed for PS-base scintillator with different
fluorescent concentrations

eSimulation study to investigate effect of cluster smearing is ongoing.
e|mplementation in digitisation task is completed.

*Optimisation of coupling btw tile and SiPM to maximise light yield and to
minimise light leakage to neighbouring tile

*No significant difference for recent version of MPPC (with after-pulsing
suppression)

eFurther study is planned using reactor neutrons.
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Backup



How It Works

e Cell hit is defined by taking a coincidence on four SiPMs belonging to the cell.
e Cell charge is reconstructed by

e Summing up charges for four SiPMs

e |f SiPM is shared by adjacent cell hits, SiPM charge is split to hit cells.

True hits
Fired SiPM

>

Fake hit
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Possible Implementation

Dimple at vertex Wavelength shifter (WLS) at vertex

EJ-280 OPTICAL SPECTRA
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~

no absorption (and
emission) of light from WLS
at neighbouring cell
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Inefficiency

e Measured inefficiency

e Can be mitigated with improvement of light yield or higher threshold for
coincidence. Note that optical coupling is not optimised yet.

WLS Dimple

Inefficiency
Inefficiency
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Cross-talk (Dimple)

e Sum of # of p.e. detected at three SiPMs in neighbouring cell

e Probability of fake hit at neighbouring cell triggered by light leakage (when taking
quad coincidence)

Average N,e Prob. of fake hit
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