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Calorimeter for |LC

€ee > qq 500GeV | Hv
i

iImprovemen

=» Idea: Tracking calorimeter = high
granularity to reconstruct single
particles in the shower

=» Particle flow:
optimisation of the detector ‘ _
performance by reconstruction of each ] g N e €
particle individually | Xl __reus
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http://www.ep.ph.bham.ac.uk/exp/CALICE/

Tile Hcal Numbering Scheme I
Fine granulated layer 1-30

Shower containment V5 R and Sampling number

High granularity ~ ° [eteon
scintillator tiles

: &, 3x3cm?in the core
181 [ ' —| with individual
] el | — readout

ECAL.: i
Silicon-tungsten 100 -75 -50 0 25 50 75
15/11/05 40 Iayers, 1x1cm?2 Racdius (cm) (mirrored)
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Read out 216 tiles/module  Single tile readout opera.ted in Geiger
~8000 channels with SiPM mode

___________

Power DAQ Intertace Analog Boards - HABs Cables caoo oI i

| e reT)
1 (Sub D) (St?‘J (18 channels each)
8 % 'y A
- : Base Board
z I HBAB |
—
I S — e
1 \"\\
1 y : . Connectors to SiPMs
I Variable Gain Variable 1 RecewerlElef‘:Tr‘onllcs Cl1:2 x 14 pins,
L = LhHges m = = = = Staper €R= = = = (Communication with DAQ) €2,C3 and €4 : 2 x 32 pins
Preamplifier RC2

ASIC: amplification + VFE: control 6 ASICs
shaping + multiplexing  connect to SiPM
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Readout board



photon detection eff. ~ 10-17%
= Q.E. x geiger discharge (U) x geom. eff.
= 80% x 60% x 35%

e single tile read out / mounted directly on tile

S1iPM

Geiger mode: 25

Quenching R ~ IMQ TE"%L PIN  APD / Geiger

=>fast signal 3 @ - mode

=>» Proportionality to energy is : .
U bias

lost for each pixel signal
=>» Obtain back due to the high amount of pixels
=>» Semi digital device
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Small depletion region ~ 2um

Depletio =>»strong electric field (2-3) 10° V/cm
ZRS%'O” =>carrier drift velocity ~ 107 cm/s
__________________________________________ >fast Geiger discharge < 500 ps
=>pixel recovery time = (C ¢ X Ryjxe) ~ 100 ns
U ias
b 1000 / |
Dynamic range ~ number of pixels ¢ = A
=» saturation g > =
%
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3) The HCAL prototype has to operate in a test beam setup
=>» time needed for beam trigger logic ~150 ns
=>» need to delay the SiPM signal to wait for the creation of the hold signal

4) Need to exploit the SiPM gain calibration possibility
=>» minimize ASIC preamplifier noise
=>» minimize noise contribution from SiPM dark rate
=>» shortest possible integration time
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Single channel 1ooma
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DAC Linearity

RMS noise
DAC voltage |

ha
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m inject charge into ASIC pfeamp:

i
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RMS noise [mVY]
%
. -
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2.00 4

- 3% linearity up to ~1.3 V outpu [ all modes
- 0.25 Me noise (shortest shaping Trand highest G)

| 75% - SIN for 1 photon signal (10% =1 8 =4
' 0 ’ 50 ' -116i61ear' DA%&O.24-4.7E%With noééﬁ ~2mV
- 021-_\ Mo nnico fechnrtact chaninAa T and hinhact G
15/11/05 - g/N - Linear DAC (0.24-4.7 V) with noise ~ 2mV 9

- 5Y0 HIledlIly Up LU ~L.53 V OULpuUL Il all 1Ioues



(TS

very front-end electronics

216 tiles with SiPM readout







MIP calibration

¥ ndi 1106 / 1220
N Lo Prob 09914
pixel Aoan sossesd- 27
- +0. T
s . ) 60.96 + 0.55 i
250/ pixel n 27880004+ 303 102 - Noise spectrum 1
n . n, 1348+ 0.7 g ]
- 2 pixels o 59,05+ 0.76 - . g
- 1.83e+04 + 291 - H ; i
2001 mean, 562 1.0 - L,/ Minimum ionizing
- o 65.53+ 1.31 3| i il
- 9958 + 282.8
150 mean, 1813+1.8 107 | / energy E
- Ty 67.31+£ 217 = I ]
— a.ean 6153 + 244.7 !
- 4 2057+ 2.8
100 84.85+4.26 4 i / )
107 =
50
0 1 l AL l 1l I| ] § - — l - I ] I l - ] T — 1 T 10-5 = __
1000 1200 4400 1600 1800 2000 2200 2400 2600 ML . ULl

gain / noise ~ 4 0 500 1500 2500 3500 4500

using ASIC chip in 2 modes:

“calibration mode” “physics mode”
short shaping time (40ns) longest shaping time (180 ns)
highest gain medium gain
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LY beam
Entries 185
Mean 12.69
RMS 2.279
32 [ ndf B.056 /11
Prob D.7082

o
L
=
il
=
[
H

Caonstant 33.85) 3.26

20 — — Gain calibration

15F 1 Intercalibration

101 1 Lightyield: 13 + 2 pix/MIP
5 1 LY spread is as expected
0:... S N P

0 5 10 15 20 25
LY [pix/MIP]
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PMT2 PMT3

E = —— center tile 3 .
S et oue ] * UNiformity study
wio |- 3 eselection of 1,2,3 MIP
w | 3 signals
° g : m - - = =» better determination
sEmameiie ML of the lower part of the
g w0 pr———— 1 SiPM response function
S e ———enewe 4 ® alS0 5 X, data are
1500 g— F41T3 behind absorber & behind module _g avallable
3 1 = apply SiPM response
- 5] 5 : . . ; function for correction

14

PMT amplitude [MI

)



- now to be extended to 8000 ch.

- Integration of the final calibration-monitoring LED system
=» temperature corrections

High amplitude data are available:
=>» test of the correction for the SIPM response function
=>» completion of the full calibration chain
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ADC channel

- Good separation between peaks
- gain / noise ~ 4 (as expected)



For a calorimeter with linear readout: ///.'~

BUT SiPM is nonlinear:
25 /

* gain (pixel calibration) o
* S1PM response (S1PM response function)
* light yield (MIP calibration)

SiPM signal

* sampling 1 10 100 1000 10000
~ Numberof phe
IS 1 Eneray Deposted, MIP
= 0 ne eposited,
thgle Pixel P

1500

E = ADC * pxl/ADC * ph.e./px] * MIP/ph.c. * E/MIP
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