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International linear Collider (ILC) and ILD
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ILC has 250 GeV energy of the center of mass, and measures Higgs particle precisely.

= [LD is planned as one of the measuring instruments of ILC, and uses a method called
Particle Flow Algorithm (PFA).

» The electromagnetic calorimeter (ECAL) used in PFA mainly measures the energy of
photons and achieves particle separation in jefts.

= The calorimeter requires high positional resolution.



Scintillator electromagnetic calorimeter

scintillator electromagnetic calorimeter
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Board for readout(EBU)

Scintillator electromagnetic calorimeter adapts tungsten in absorption layers,

scintillators in detection layers and board for readouts(EBU).
The size of scinfillator is 45mmX Smmx 2mm.

Scintillator layer with crossed strips has 5mmx5mm spatial resolution.

EBU is the data acquisition system(DAQ) for the calorimeter.

EBU equips scintillators and MPPCs which detect scinfillation light.




Bottom readout scintillator
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MPPC is installed at the bottom of the scintillator. This is called bottom readout.

For bottom readout, MPPC is soldered on the EBU bottom and set under the scintillator.
In order to collect scintillation light effectively, the scintillator has wedged shape.

The insensitive area is eliminated by bottom readout.

For LED calibration of MPPCs, EBU equips LED:s.
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MPPC is developed by Homamatsu Photonics,
Shinshu University and other universities. -

We Use MPPC of 1x 1mm? photosensitive surface 1.

for scintillator electromagnetic calorimeter. 5000 9
of APD of 15um pitch are placed in
photosensitive area. 3.

Gain of MPPC can be calibrated by LED light. 4.
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Feature of MPPC

Multi-Pixel Photon Counter(MPPC)

LED calibration
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ECAL Base Unit(EBU)

SPIROCZ2b EBU

Bottom readout
scintillator

MPPC position

SIPROC surface 18cm
= EBU is fabricated by DESY.

» EBU consists of SPIROC surface and scintillator surface.

=» One EBU is a PC board with 144 MPPCs and 144 scintillators.

= One EBU is equipped with four ASICs called SPIROC2b which is developed by OMEGA
group.

Okr]we SPIFOCQb can conftrol 36ch of MPPCs and adjust each applied voltage for a
channel.

Scinftillator surface



a» SPIROC2b on EBU
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Figure 8: SPIROC one channel diagram

output

When charged particle passes one
scintillator,spiroc2b processes the signal
with four stage.

@ The signal flows from the MPPC, and the
signal is amplified by the preamplifier of
the charge multiplier type.

@ Amplified signal is divided into a slow
shaper (Tp50ns) and a fast shaper
(Tp15nNs).

® When signal flowing through the fast
shaper exceeds a predetermined
threshold, the signal flowing through the
Slow shaper is stored in the memory cell
up to 16 depth, and at the same time
TDC ramp voltage is also saved.

@ O~Q if the operation occurs 16 times,
or if it exceeds the predetermined time,
the signal that has been temporarily
stored flows to the ADC.



MIP and Pedestal measurement for each memory ce
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= As test of the memory cells, we measure pedestals and MIP. b P
= The memory cells in a channel are properly functioning when v

the pedestal shapes are gaussian distributions. threshold .
= The memory cells in a channel are properly functioning when sl (T

the MIP signals are separated from the tail of pedestal. MIF measurement




Pedestal measurement

Pedestal is gaussian distribution Pedestal is non gaussian distribution
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» We measured pedestals of all chips(SPIROC), channels and memory cells.

» The types of pedestal distribution were classified into two types for each channel
and memory cell.

» Two types are gaussian distribution and non gaussian distribution.



Memory cell Memory cell

Pedestal measurement(Chipl,ch VS memory cell)
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» We found higher memory cells tend to be
classified into gaussian distribution.

» But we found lower memory cells tend to be
classified info non-gaussian distribution.

» This frend is common for all four SPIROC chips.
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MIP measurement use B ray of 90Sr

MIP is separated MIP is not separated
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= MIP measurement was performed by injecting 20Sr B ray through the EBU.

» |t was measured whether the MIP was separated for each memory cell.

- The|| types of ADC distribution were classified into two types for each channel and memory
cell.

= Two types are MIP separated and MIP non separated.



MIP measurement use 3 ray of 90Sr(chip1,ch VS memory cell)
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Time measurement of EBU
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» Cycle : acycle consists of data taking fime and data acquisition time. When memory cells
are fully used unfil 16ms or they are not fully used till 16ms (hamed timeout), cycle goes to

next.

= pbunchXID : BunchXID measures time information when the signal is stored in the memory cell
with 4us time interval.

» [DC : TDC measures time information in a bunchXID.



MIP measurement with BunchXIDcuf [Small number bunchXD signa
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MIP measurement with BunchXIDcut
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MIP measurement

Memory cell Memory cell

» When bunchXID is cut out the large
numbers, MIP’s are separated in almost

all memory cells.

L] w b~ (A1) o

'
[ NN Te B+ B & B

= L I~ L |t |l [
=1 o o - (8] [ L

MIP measurement with BunchXIDcut (VS memory cell)
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summary
» EBU is the data acquisition system(DAQ) for the scintillator EM calorimeter of
the ILD.

» As test of the memory cells in EBU, we have measured the pedestals and MIP
peaks.

» We found higher memory cells tend to be classified into gaussian distribution
of pedestal and MIP separated.

But we found lower memory cells tend to be classified into non-gaussian
distribution of pedestal and MIP is not separated.

When buchXID are cut out the large numbers, all memory cells is properly
functioning at MIP measurement.

Next

Investigate the pedestal distribution for lower memory cells.

investigate non-MIP separated distributions with bunchXID cut of memory cells.
We will measure the gain of the MPPC using the LED light in each memory cells.
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» Therefore, Pedestal has not bunchXID.
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LABmode(Pedestal measurement and LED calibration)
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Pedestal measurement

» The LABmode can be triggered from the outside and can be friggered at the
moment when the LED shines.

» |n LABmode, Pedestal measurement per cells is available by use not LED.

» But don’'t measure MIP in LABmode because don't work discriminator in spiroc2b.




LDA(Link Data Aggregator)
CCC|(Clock and Control Card )
C

CcC LDA

T

» CCC distributes clock of 5MHz and clock of 40MHz , and trigger for varidationmode ,and
external trigger for Labmode to EBU.

» | DA distributes clocks received from CCC to multiple EBUs at the same time. The busy signal
and data from EBU are transferred to CCC using HDMI and transferred to a personal
computer using HUB, enabling synchronization with other measuring instruments and data
acquisition.



DIF(Detecter Interface board)
CALIB

» DIF:Manages exchanges between SPIROC2b, POWER, and CALIB. The FPGA on DIF
converts the clock received from CCC to DIFclock and generates the setfing signal of

SPIROC2b
» CALIB : Supply voltage to LED in EBU.
» POWER : Supply voltage to EBU for necessary to work.




Pedestal measurement(Chipl. chVScell)
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Pedestal measurement (Chip4. chVScell)
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Pedestal measurement channel
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MIP measurement (chipl,ch VS memory cell)
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MIP measurement (chip2,ch VS memory cell)
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MIP measurement (chip3,ch VS memory cell)
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MIP measurement with bunchXIDcut(chip1)

Before bunchXIDcut After bunchXIDcut
Chip137_ch_cell_ MIP_MP Chip137_ch._cell_ MIP_MP

- o ADC S o ADC
- 70c E - —70C
o ol
_ 40C - —140C
- gl
- 30€ - 30C
L 61—
- 20( _ 20C
- 4r
n 10C L 10C
o 1S
T T T T T T T T O O 0 N T T T T T T T O O 0
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35

ch ch

\\



160)

140)

120)

100)

120)

TB_Chip137_Ch0_cell1_histo

TB_Chip137_Ch0_cell2_histo

S0
800 [wean  a0s6
ooE lsever s
bunchXID -
soof-
400f-
s00f
200
100
K Tob o J0B0 T80 0a0 2500
TB_Chip137_Cho0_cell4_histo TB_Chip137_Ch0_cell5_histo
3 pr— 200 e
e —_— e
180
Jsner s lswner s
160
140
120
100
&)
60
]
20
500 fog 1500 2000 2800 R 50 i@ 1800 2000 2500
TB_Chip137_Ch0_cell8_histo TB_Chip137_Ch0_cell9_histo
B P [Em——
1a0f]
—— e a2
q sz wns 120 lsene, ws
100
)
60
r
)
500 1000 1500 2000 2800 % 500 1080 1800 2000 2500
TB_Chip137_Ch0_cell12_histo TB_Chip137_Ch0_cell13_histo
per—— [Em——
H T 120f e 2

wza

e szes

st e 1358

500 1000 . JE00 2000 2500

TB_Chip137_Ch0_cell6_histo

O
st per 3208

S0 1000 1800 2000 2500

TB_Chip137_Ch0_cell10_histo

[y
] A
lste w2

500 1000 1500 2000 2500

TB_Chip137_Ch0_cell14_histo

cores 20100

Mean 52

wzs

100)

140)

120)

100)

120)

pl chO o

TB_Chip137_Ch0_cell3_histo

e

Spe a7

500 1000 1800 2000 5500

TB_Chip137_Ch0_cell7_histo

s

sepe iy

S0 1000 1800 2000 2500

TB_Chip137_Ch0_cell11_histo

e 20000
e 518

seme wzt

TB_Chip137_Ch0_cell15_histo

cones 20000

e 515

azs

TB_Chip137_Ch0_cell1_histo

5 ohpra Cro col e

TB_Chip137_Cho0_cell2_histo

T8 Grip137 Gr0_co_ o

| cells before bunchXIDcut

TB_Chip137_Ch0_cell3_histo

T8 Cripts7_Cra_cen_fito

Eaes 20001 = T
asof- e PY e 2s0F e s
s1a ey 21 50[ anone e s e
a0l o wmzim fira o -
i 1126530 n 200l i .
w FrTI 200[ w amres w ensos
2500 Mea 1es e [ — P -
GSgma_nsessasise o s
200] 150l 180
150F- £
ook 100
100F-
sof- s
s0E
| L | | i | | | L | | | |
Bog™ "m0 w0 E6  j6e0 1200 400 856200 w0 meD 1060 7200 7400 So5"706 "m0 m0 000 1200 1400
TB_Chip137_Ch0_cell4_histo TB_Chip137_Ch0_cell5_histo TB_Chip137_Ch0_cell6_histo TB_Chip137_Ch0_cell7_histo
T G Cro care v 5 G Gr0_cal e 5 Crp37 G0 cal e 75 Chpt Grt ea i
T ED) a0l e o sook B ESD S0F e e
s e 0 s e o2 s
S 0o Y o o Siepen o s00f- e
e o im 250 Fina s sob- i s
2000 w [N e cariar w 2800 -
es 7o 1 Tieds 200F -~ 200F- e 721008 155008 r——-
asigm siaz s s cngm sian 200F e
s0f-
150F- 150F-
180F-
00f- oo
E 100F- Joof-
s s sof- sof-
| | | | L | | | | | | L I | | |
0 a0 60 800 1000 1200 1400 G 400 0 g0 1o 1200 1400 0 #0060 B0 1000 1200 1400 00 G0 B0 Te00 1200 1400
TB_Chip137_Ch0_cell8_histo TB_Chip137_Ch0_cell9_histo TB_Chip137_Ch0_cell10_histo TB_Chip137_Ch0_cell11_histo
T Ovpttr Gl i 5 Ghpiar Gl ol 5 G137 Gl 2 e 5 Gty Gl
3sof £ e £ T
asof- 00E e s ean e
w00k s s0E P s Sen )
i 300 s it mzim
e i s a0 wan [N
as0F - e 00 - [ e 3
o ias s 2500 [ - 300 es 28041 Theat
200) e omnizma 250 Ggm irez0am
3 200F- 250F-
200F
150f- 150 200F
150F-
100 3
F 100F-
100 ook
sof- E
50 soF- sb
! ! | L | ! ! | | | L ! | | | ! !
0~ 500 B0 j000 1260 1400 07300 00 B0 100 1200 400 0 #0600 BB 1000 1200 1400 6 0 600 800 7000 1200 1400
TB_Chip137_Ch0_cell12_histo TB_Chip137_Ch0_cell13_histo TB_Chip137_Ch0_cell15_histo
O _Ehp137 Gl caltE e B G St el ke 7 Cot e e T Gt Gl e
450 B == EC) £ ET
i ar a0 e o a00f s s00f =
400F e as Sidbev 207 47 e aer
i waam asof ot wmerm 3s0f 17T asof- o
350F wen 1aaias i v sz 4s e
- arse a00F- w s 200F Ton1: 08 a00F- e
a00f- s cssats Loz Aen7beu0a 2 16001 hex 77e.082 1 64mi0 A
asgna sia E s s:as Gsgm s:20 angrs sia
osoF- v 250) ¥ 250F a 280 w
200k 200F- 200F-
150F- 150F- 150F-
100f- 100F- 100F-
soF- s s
| | | L | | ! L | | | |
6300500 800 fo00 1200 1400 00060 G0 000 1200 1400 6“0 "G00 B0 1000 1200 1400 6300600 800 7000 1200 1400




Chip1 chO all cells after bunchXIDcut
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TB_Chip137_Ch1_cell4_TDC

TDC with bunchXIDcut ¢

Before bunchXID cut
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MIP measurement with collimater(C
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Wedge shape scinfillator

From K.Kotera at SCINT 2015 @
Berkeley

Scintillator in reflector film
No dead volume due to MPPC.
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Totally good uniformity of the photon
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Pedestal measurement with clock changed

Chip193 ch0 Pedestal
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Pedestal measurement with clock changed
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| chcmnel-map of EBU

Use 20Sr without collimater, MIP measurement(at all channel)

Map of result of 90Sr test
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il ch19 ADC, bunchXID

TB_Chip137_Ch19_cell1_histo

TB_Chip137_Ch19_cell2_histo

TB_Chip137_Ch19_cell3_histo
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» Only ch19’s bunchXID shows that.

TB_Chip137_Ch19_cell1_histo

TB_Chip137_Ch19_cell2_histo

TB_Chip137_Ch19_cell3_histo
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Light yield per 1TMIP at bottom readout

®» From Yoshimura at Shinshu-University in 2018

Light yield per MIP

light yield
Entries 63
Mean 14.76
Std Dev 2.523
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Direction to new EBU

bottomreadout
Bottom read out wiring Centerholereadout
top view Vi
//
e i (- ()
I
MPPC Semi board

EBU Semi board

®» The new EBU will make a hole in the center of the scinftillator and put the
MPPC in the hole.

» EBU and MPPC join EBU and MPPC by using intermediate base.

» Eliminates insensitive areas just like wedge scintillators.
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