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ILD and SiW ECAL
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30-layer sandwich calorimeter
5 mm cell 100 M ch, 0.4 M sensors
LLR, LAL, LPNHE, Kyushu, KEK etc.
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Readout ASIC and PCBs
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(2A/CMS) by OMEGA

64 ch readout : " i
E.. Preamp + 2 gain (1/10) L
“mwesees w | Slow shaper + fast N =

shaper for triggering
SKIROC2CMS: good TDC
+ 13 cell 40 MHz digitizer
for study of HGCAL of CMS

“ (SKIROC2cms)
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T SKIROC?2 evaluation board

A daughter board is connected

with a PCB connector to use this
board for readout of various sensors

— FEV13

Developed as a technological proto-
type for SIW-ECAL.: usable for sensor
studies with pads at the back side
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LGAD and timing resolution
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P* Strip LGAD (Low Gain Avalanche
— Detector) is a silicon sensor with
avalanche gain.
~20 psec timing resolution Is
P Multiplication demonstrated at ATLAS

N+ gain flathess may be concerned

P- Substrate
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PSD and position of photons

Better position (direction)
resolution of photons can o
be used for =% reconstruction lr_-_—:_-;:__'_.'f-' T
and photon-related BSM

search

Around Shower-max

Position resolution it is determined
IS Important with Moriere radius
HRHT at beginning of showers  and number of hits
e, ~2 mm with standard pads ~0.3mmin ILD

BN + 7w K

PSD uses resistive division to identify
gravity center with multiple electrodes

N\ 7 2Bl without significantly changing number

PSDAT: BN COERAE
I & VI FOASHEE £ EUE of readout channels
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Bigger sensors will be tested this year
because we got difficulty on efficiency

L
P-implant

and position dependence as well as N p Multiplication
timing resolution mainly because
of lower rates

N’ strip

Reach-through: performance
demonstrated but multiplicatior
only at the P-implant

S8664 Inverse 400 3, 5¢, 5x5 mm
S5344/5345 Inverse 150 30, 5¢ —
S2384/2385 RS 150 3¢, 5¢ PS&
S6045 RS 200 3¢, 5¢ P- Substrate
S8550-02 Inverse 400 Array (32ch, 1.6 mm sq) P Multiplication
FBK sensor RS ? Array (92ch, 1 x 3 mm) N*
Multi-cell i 1 |inverse: Good for calorimeter
LGAD il | |because of better gain flatness
<—Hamamats Il but need to investigate
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IPosrcron beam irradiation (11/ 18~22)

> Test Beam @ELPH(Tohoku)
Positron beam, 500 MeV

Measurements of timing resolution

Eval. PCB

Penetrating events with identical APDs

-

Timing resolution from timing correlation




IMeasurement result

TOA measurement

N
(&)

[ns]

¥2 | ndf 8582 / 94
Prob 0
PO —0.7061 + 0.01291
p1 0.9916 + 0.001731

20

time_true

15

10

ll.lllllcl:'llll‘IIIIlIIIIlIIIIlIIII

time[ns]
X Timewalk corrected



IMeasurement result

> Only with > 100 fC

 Smaller timewalk effect
« Smaller jitter
« Should have better resolution because of steeper voltage-rise

TOA measurement hist error
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CHEF2019@Kyushu

L. . | Proceedings:

(LGAD)
arXiv:2002.06534

o

Study of silicon sensors for precise timing measurement

Speaker: Yuto Deguchi

CHEF2019.pdf

Study of Position Sensitive Silicon Detector (PSD) for SiW-ECAL at ILC

Speakers: Mr Yuto Uesugi , hep kyushu

CHEF2019_uesugi.p..

WEDNESDAY, 27 NOVEMBER S
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[ssues at last year

APD serial No. | APD-1 A > { | APD-2 />

e Lower double-hit rate

— Esp. with |inverse type|

— Low efficiency?

— Different gain by position?
— Tracking detector at front and back side should help

— Measurement of 3 sensors (2 in previous due to tech. reason)
e Lower statistics

— Using bigger sensors, short distance, better DAQ etc.
e Bad timing resoultion

— Correction (timewalk, ch-dep of TDC) is not working?

— More statistics and 3-sensor measurement should help
to investigate more
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Tracking sensors

e Silicon pad with 1 mm cells

— 8x8mm (16 x 16 mm
covered with 4 sensors)

— Measuring beam profile

— Used for trigger
e Silicon-strip sensors 1mm-cell sensor (left)
— 50 pum pitch, 128 ch strip sensor (right)

(256¢h with 2 direction)

— Precise measurement
of position dependence

e 256¢ch readout with FEV13

— Using an adapter board
(wire bonding for strips)
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Purpose and program at ELPH (LGAD)

1. Timing resolution and efficiency LGAD

— Place 1 mm sensors at front and back side to ensure
the positrons hit the center of LGADs

— Place 3 LGADs with minimal distance
Measurement of timing resolution and efficiency

— Sensors with 4 types and 2 sizes, with several bias voltages

2. Position dependence with multi-cell LGADs (16hrs)

— Place strip sensors at front and back side for precise positions

— Evaluate difference of efficiency and timing resolution
by position
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PSD sensars

1st gen (2016) oRte 2"d gen (2018)

Result of laser scan

Dedicated for PSD
4 x 4 cells, 5.5 mm cell size,

Parasitic production with g-2 sensors 650 um thick, resistive split
7 mm cell, single, 320 um thickness with two methods of
Position reconstruction with laser P+ mesh and dedicated

resistive layers tried
Low dynamic range of ~20% - - ‘-.-
- need improvements . Low-R ghrgiig Sharing
oo I P
2 LB B
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Measurements in 2019 (°°Sr)

— Trigger OFF ——

bl — k. i " m— s

PSD (normal)
P+ mesh (left)
R layer (right)

Good dynamic range confirmed with R layer
R layer has 10x

resistivity to P+ medhikan Suehara, ILC-JP detector seasonal meeting, 9 Sep. 2020 page 15



Beam test at 2019 for PSD

e Measurements with SKIROC2A testboard prepared
— Failure at half-month before the testbeam

—> Substituted with SKIROC2CMS testboard

e Higher noise (SKIROC2CMS not aimed for MIP self trigger)
e Threshold tuning is too rough
e Seen Rl signal at lab in Kyushu

e MIP is not seen because of higher noise at beam line
— Measured with triggering with scintillator
— Too high noise for realistic investigation
— (Priority put on LGAD which was somewhat working)

e Will do again this FY with improved setup
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Improvements of setup

e Tracking sensors (common to LGAD)
— 1 x 1 mm cell sensors (to ensure particle passing PSD)
— Strip sensors (for position resolution studies)

e FEV13 will be used instead of testboard

— Many demonstration for SiW-ECAL (S/N ~ 20)
¢ |[ssued on some channels exist with testboard of SKIROC2A

— Measuring multiple PSD at once
e 256 ch readout by 4 ASICs (for 4 PSDs)

e Noise reduction (shielding)
— Will use shield box covering sensor and electronics
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Purpose and program at ELPH (PSD)

1. Measurement of position resolution
— 1 mm cell sensors and PSDs to confirm position reconstruction
— Strip sensors and PSDs to measure detailed position resolution

— PSDs with 3-types, 10 parameters

Due to limited availability of ELPH,
we have only approved with 12 hrs x 2 shifts this year

shared with ALICE SIECAL team (Tsukuba)

Beam time is expected in February 2021
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Things to do before TB

Preparing FEV13 for sensor connection
— First assembly with 1 ASIC done, not tested yet

Preparing adapter PCBs
— Design ongoing
Assembly, wire-bonding for strips (Oct. — Nov.)

— Mainly plan to use anisotropic conductor sheets
— Wire bonding at Kyushu

Test with Rl and laser (Nov. — Dec.)
Mechanical structure (Oct.-Dec.)

Preparation for beam test analysis (Dec.-Feb.)
— Have to be prepared for instant analysis in short beam time
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Development schedule

Microsoft Excel

FIfNFVISfg
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Schedule for sensor production
2020

— 8 inch sensors (small production or test sample)

2021

— 8 inch sensors (small production)
— LGAD (production ()
— PSD (compatible with prototype)

pAVYY
— 8 inch sensors (quasi-final specification) ~100

— PSD (quasi-final specification) ~10
2023

— 8 inch sensors (repeat) ~1000, PSD (repeat) ~1004%

— LGAD (quasi-final specification)
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Schedule at construction

barrel
endcap

Q1 Q2 Q3 Q4]Q1 Q2 Q3 Q4|Q1 Q2 Q3 Q4|01 Q2 QS Q4 Ql Q2 Q3 Q4|Q1 Q2 Q3 Q4]Q1 QZ Q3 Q4[|Q1 Q2 Q3 Q4]Q1 Q2 Q3 Q4
| Construction off site | Ass.onsite |nsta|  Jiower| |

Construction off site Ass. On site |Install

| 49.61 28.02 23.59 1278] 287 o002 | ] 00|

budget (M$)

e Y1~Y4 for sensor production
— 2026-28 assuming construction start at 2026
— Silicon pad: ~2000 m?
— LGAD (if approved): 100-300 m?
— PSD (if approved): 100-300 m?
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Backup
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