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The ILD model(s)

ILD “paseline” model described in DBD (2013)
— Rype =~1843 mm
— ZLgare ~ 4700 mm
— 24 X, of W (thickness ~ 220 mm), Ry,~ 9mm, X, ~ 9 mm
— 30 layers of detection (20 single W + 10 double W thicknesses)

— Lateral cell dimension d.,, = Smm

Re-optimisation of performances / cost ratio on-going

— for lower energies — 250 GeV

* ILC @ 250-500 GeV
» CepC @ 250, 90 GeV

= Smaller Rype, Niayers B field
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ILD & SiW-ECAL barrel

temaling Shielding
PCB (FeV) \.4
16 SK2 ASICs .
1024 channels Adapter board J
SMB)
U Cradle U layout of a short slab
{Carbon Fi +\WAL)
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Dimension constructions (reminder)

Barrel length fixed at 4700 mm in all models, same as HCal or TPC Baseline

— 8 staves > 5 CF/W modules > 5 alveoli columns — Endcap quadrant
_ 1 alvoli width = ~ 2 x wafers width + walls + clearance with 3 modules of _
3 alveoli 5
Endcaps @
P Reduced g
— RynerECers fixed at 400 mm = ECal ring & Forward detectors _ Endcap quadrant °

— R, yefdCars = R, Bamel + overshoot with 2 modules of
Barrel 4 and 3 alveoli

overlap

ECal ring
O MA,
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Mec ha nical Sim U Iations M. Anduze, T. Pierre-Emile (LLR)

a

Global deformation of
ECAL module (static case)

All dimensions of the ILD prototype

are defined according to FEA results in
static and dynamic (earthquake) conditions
and for all positions of final modules in

the barrel (8 cases)

Study of deformations and limit stresses
analysis using composite criteria (TSAI-HILL) .
Max stresses are located on the top ribs, a strong effort i |s
needed to define correctly its s .
thickness

Proposal: Study internal stresses by using
new sensors : optical fiber Bragg grating sensors embedded
directly within ribs (strain gauge behaviour)

Global déformation
Response spectrum
in lateral only)

Optical fiber
equipped with

BG sensors
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Thermo-mechanical simulations

Composite part with
molallic insorts

J1 = clearance between modules for the ECAL
J2 = Clearance at ECAL edges between ECAL ai
h = height of the rails 30mm

C : part
{15 mem thick)

H. Videau, M. Anduze, T. Pierre-Emile
+ LPSC (D. Grondin, J. Giraud) 6/47
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Passive cooling for

‘]—[uaqiao Zﬁang (S77°U)

CepC ECAL ? A first look...

in m % % = ™= % %8 % = " % &8 ® 8 % wf

i e b Thermal contact resistance :1000W/m**K
R - e The temperature of radiating surface: 20°C

in & 4 & & & 4 @ & & 4 & w W W W W[ -

e The heat rate of 1 ASIC: 0.36W

L] - L] L] - . - L ] L] . . !
| !
Wil il L e LI I B B B i 1.5
“: ----------------- E
K I
O I I I T I :

- - - L B @ & & & @& i
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4{ ----- - . O I |
PRME S ks e i
I I ISR i
ijm m ® N N W W N N ® W W & 8 A & &
: L] L] L] A & 8 & 8 W :
T S | Temperature Temperature Temperature
‘I E - . - - - . . . .
NN o g <o AR distribution (1mm) distribution (2mm) distribution (3mm)
Limi+

+05C 5-10 mm

C . thickncss to b
e B Acceptable ?
f;:::n:iﬂnlm'@mnw N PhySiCS
Simulations

ST PCHE. Lemme

Temperature Temperature Temperature

73l Bo7smme distribution (4mm) distribution (5mm) distribution (10mm)

> W, 0.5mms
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Cooling

Alveolar structure

ECAL: (CFRP+W structures + Silicon detectors)
The cooling technology is active, using fluid circulation Fasening sysiam

» Tests and simulation on detector (EUDET module)
= Demonstration and performance of Thermal model == done
» Integration
» Detailed design of cooling pipes scalable to ECAL detector==5 done
» Thermal model Detector Slab
» Full Leakless System Design and Analysis: update in ke
for estimation of global pressure drops == done

Fipes of
cooling system

5 columns of cassettes with
detection elements

/!
Heat exchanger

b ]

cenfgctions / Slab
Schematic view af I ECAL barrel alveolar module with its cooling

uml system - 10 1o 15 layers of doublégsided integrated detector elemenis
(SLABs) in a Tunsgten-Carhon Fiber { W-CF} support

Power pulsing
|:|r:u|||','

1ASU=
4 8i PN diodes

FCB
1004 chn, W6 X Shroc?  HY Kapton

Cooling network on
2 EndCap Quadrants
Hydraulic network, number of circuits...

Stillensr, Absorber
Carban fiber + W

Exploded view of half a long slab with 6 ASU — (An assembly line for long
slabs with & connecred ASU is AIDA-2020 deliverable D14.3) tm
final goal with power pulsing 1/100 5: ECAL 4.6 Kw ol o

Ha Fadicas Racia Moeacdiaz | AIFRA AR WLIRY 4 E DAC Liaadiaa - i AAE | Baaa B /48
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ECAL Services & Cables (Baseline)

Power, cables and cooling would run between HCAL and ECAL on the back of ECAL (the way
it is shown in the picture which exhibits the principle rather than any real design)

The paths of cables and cooling interfere strongly (cross).

As a working assumption the cables would run to one end of the staves and the cooling to the
other end.

- DCCL1 figures a concentration/distribution at the alveoli level
- DCC2 (or Hub2) a concentration/distribution at the stave level.

From then cables or fibres run along each sub-detectors to the outside

14. Ee_BAWE BT

Y Y
P
rd
—
Limit of HNE
T
y

Same principle will apply for End cap cooling and cables
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b - =
=

Realistic detector proposal

\//\
= D <5
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Readout for ILD

Adaptation of the prototype DAQ to ILD constraint
— End of SLAB
— DIF suppression / Compactification
— Redesign of the DCC’s
— Reducing wires by buses or combined protocols
— HV generation inside DCC'’s

Redesign work started (LAL, LLR)
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Simulation D. Jeans (KEK)

ECAL driver used in ILD models has been largely Effect of cracks [RAW= no correction at all!]
I’e-WfItten (MOkka — DD4HEP) _ Drop ~ 15% 10Gey, S TANoCONVENWICS I BARKEL

— more modular code (less duplication Barrel & Endcap) %Lf towers = | S
2 3 I
— more configurable... 5 27
§ 1|
— Combined Sc + Si version : the other is the PCB L. =i |
EffeCt Of plug (mISSIng g F plugLength = 0 mm

ECAL barrel

in previous simulations)g -~

b I smtiNoConvEnWIP BaRREL— sambtitNoConvEnWiPti BARREL samhitNoConvEnWiPhi Eo\FleL
arre F 257-6ddeg | - =
] ~or=9 g 1
module Lt
i i i
1 ] ———— L ——

magic megatiles T pasgLengi =0 mm v T pugLength =2 mm T puglengih=4mm

..............................

“Marc's design o
standard simNoConvERWAPN BgRRARL= = = = == = - 'EwlunguEnMPm_B&RREL simhithloConyEnWiPhi_BARREL
megatiles -t === o i = [
P L o £ 1 =
4 it . I
pyers ¢ — £ e 1 | { ——
inside gt St
module | 8 s .
" piyglLength = 8 mm plugLength = 13 mm pluglength = 18 mm

Vi s ——————— /S, Roma|25/05/2018 TTeeeee.csedT TeS TR OTE TS 11/47


mailto:Vincent.Boudry@in2p3.fr

ILD SiIW-ECAL Technical Design Document

87 page document (counting)

b International Large Detector Ref.: TOD-ECal
2 Y rthe International Linear Collider Ed.: © . . ,
IL‘)D o e CORET TechmicalOesign | g 25 being written (near completion)
Date: 11/04/18 i i
by H. Videau*, D. Grondin, M. Anduze
— 2 models: Large (R~1800) and Small (R~1600)
Technical Design Document N =130 26
Layer —
Silicon Tungsten electromagnetic calorimeter "ECal" — Consolidated definitions, mechanical constrains
Prepared by | Stgnature Accepted by | Signature - Optlmal use Of 6” (1 50mm) and 8” (Zoomm) WaferS (8”)
Mare Anduze Ramss Plechi 500 and 750um thicknesses
Denis {}lrundin Daniel Jeans
Henri Videan . Costs
Approved by Function Dare | Signature — Power & COO'Iﬂg

Christian Bourgeois |

Not (yet) in this document:

Summary

— Interfaces: DAQ, Grounding, ...

Annexes
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ERESMEECALbam®l  Toward SiW-ECAL for ILD

) ILD SiW-ECAL Prototyped*
" ~10,000 SLAB's ~0.3
100,000 ASU’s ~20
400,000 Wafers ~350
1,600,000 ASIC’s ~1000
100,000,000 channels ~2000/20000*

*incl. Physical Prototype

+ Mechanics , Cooling, Integration, ...

femmlin Shielding
PCB (FeV) \4
16 SK2 ASICs .
1024 channels

Adapter board
SMB)

U Cradle U layout of a short slab
{Carbon Fi +W)

Vincent.Boudry@in2p3.fr ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018 13/47
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Sketch for a Historical Picture

of the Progress of the ILD Silicon ECAL

Milestone

1 ASIC proto

1% ASIC

1* prototype of a PCB

1% working PCB
1° working ASU in BT

1% run in PP
15 full ASU

1 SLABs
pre-calo
1° technological ECAL ?

Vincent.Boudry@in2p3.1r

Date Object

2007 SK1 on FEV4
2009 SK2

2010 FEV7/

2011 FEVS

2012 FEV8

2013 FEVS8-CIP
2015 FEV10

2016 FEV10 & 11
2017 FEV10 & 11
2018 SLABVFEV10 & 11 &

13 SK2a+ COB +
Compact stack
ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018

Details
36 ch, 5 SCA
64ch, 15 SCA
8 SK2

16 SK2 (1024 ch)
4 SK2 readout (256c¢h)

4 units on test board
1024 channel

7 units
7 units
SK2 & SK2a (otiming)

REM

proto, lim @ 2000 mips
3000 mips

CcOB

CIP (QGFP)

best S/N ~ 14 (HG), no PP
retriggers 50-75%

BGA, PP

S/N ~ 17-18 (High Gain)
retrigger ~ 50%

S/N ~ 20, 6-8 % masked

Improved S/N
Timing...

14/47
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Graphical progress

integration evolution

2200

Number 2000 |
of 1800 F
channels el

1400 f

1200 |

1000 f

nb channels

800 |

600 |

400 |

200 F -
. F Magniette
2011 2012 2013 2014 2015 2018 2017 2018

year
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Short Slabs
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7. Nanni, M. Louzir, M. Frotin,

Assem bly C ha i n Id F : ._ | 9. Bonis, P. Cornebise, J. David,

resp: ‘R. Cornat | " D. Lacour, S Pavy, P. Ghislain

‘Simplified view’

LLR LPNHE LAL

Electrical (I, V, C),
Visual aspect

!

‘ Positioning ‘
uing J
4\ ASU v Validation tests

lectrical testin P
_________________________________ Validated SLAB

ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018
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ata-Quality: 10 SLABs produced in 2016

Forge Page (redmine in2p3, LLR) Files: Wafer test (LPNHE), Passport (A. Irles @LAL)
Boards Commissiofithg

— — — — SLAB 20 SLAB 20

pcts fealice fwikiSi-WEcalSLABS c s B @ M 2 wren neuily

Turn around the siob and check soldering points in :
SkabID: 18 =« DIF resistors (for slow control) DK
<HV (GND at SMB) Ok Resoldered ground HV ot bottom sigh (Jerome )

sU381#9 LALick For tests ASU versien :FEV11
comments and others :
- Skirec version : Skiroc2 NASICS : 16 - aluminum plate is nar grounded.
sU_3 8_1_#10 LLR/ok On detector - bomom of the slob (aluminum) is grounded (berween 2-50 ohm)
DIF 1D : k. Flrmware version : 1603
sU_3 Bb_1_#11 LAL/Broken Issue with HY gluing - Museum part SBM 1D : Vb 22 SMBversion : SMEV4 Turn slub arowd, open aluminim cover and do a check of soldering poings :
Ok (Jerome)
Walers IDVInfa : 7
sU_3 Bb_1_#12 LALMaintenance | Issue with HV gluing, to be reassembled comments and others :
sU_4b 11_F_#13 SLAB13 &, | BT@LAL Issue with gluing, FIXED; addtionnal HV coupling filter
ELECTRICAL * SIGNAL CHECKS (ulti )
sU_4b_11_F_#14 SLAB14 & | LLR High leakage; 1 wafer has problem
Comments :
Kapton wape covering the intemal face of the aluminum plase that covers the ASLL _ £ ommenss

sU_4b_10_F_#15 SLAB15 o | BT@LAL

GOOD SLAB
sU_4b_11_F_#16 SLAB16 « | BT@LAL Issue with interconnects, FIXED

Blue led looks w0 clear

sU_ab_11_F_#17 SLAB17 o | LLR

sU_db_11_F_#18 SLAB18 « | BT@LAL

sU_ab_11_F_#19 SLAB19 BTELAL SHORT on DVDD, repaired, TESTED partly OK

Commisioning by : A Irles

sU_4b_11_F_#20 SLAB20 o | LLR )
at: LAL, ECAL workshap

sU_ab_11_F_#21SLAB21 4, | LLR LVDS res. missing e e T oy for st el Comsulen e . el
Slabadif 1, roMe(mfm.ﬁrﬁ conmecior in patch pannel.
sU_4b_11_F_#22 SLAB22 & | BT@LAL LVDS res. missing GDCC VI, port 1
Coumments :
Nouveau fichier Single Slab Commisioning 1, 31st May 2017 Single Slab Commisioning 2, 318t May 2017

Vincent.Boudry@in2p3.fr ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018 18/47
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Pre-calo
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CNRS-LLR, CNRS-LPNHE,
Beam Test at DESY CNRS-LAL, Kyushin, SKKU

Beamtime 12/6/17 — 23/6/17 at DESY, AIDA-2020 TA

Detector and energy scans, plus tests in magnetic field (PCMAG)

Thanks to DESY for support
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Long calibration run A, Irles

S N summary (all slabs)

1200

MIP scan Layer #6, pedestal position (ADC) map for

— Positrons of 3 GeV (~2 kHz rate, beam spot with SCA=
slightly irregular shape and size <2cm diameter)

1000

800 R .
] f\ SIN =20.3,

600/~ \4 sigma = 1.5 (7.4 %)
400:- :0( )
X CP\\,\C’C :

200 J/
| ———

TR W T Ll
10 18 20 25 30 a5 40

— Grid of 9x9 points separated by 2 cm — automatized
runs (movable stage commanded by pyrame)

(MIP position —
pedestal position ) /

Data used for pedestal subtraction and energy pedestal width

calibration:

— Pedestal correction done chip/channel/sca wise
(~10% var).

Single cell energy distribution for 3 GeV e* beam w/o absorber

‘Width 0.07835 = 0.00037 Width 0.222 + 0.005
— Energy calibration done chip/channel wise T e

Width 0.2473 =+ 0.0097

esentation @

T ]]IIIII[

Fit the 98% of available channels. Channel dispersion CHEF 2017 L

of 5%.

Also 45 degrees inclination run: MIP value scaling as
expected — good thresholds choices.

T FF]IIII1

1 L L P TI R
1 2 3 4 5 6
Energy [MIP]

21/47
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Test in B field

Magnetic field tests

— Single Slab (21, first layer in the full stack)
— (Magnetic field from 0, 0.5, 1 T) ® (With and without beam)

« Same configuration than in the other beam area.

— Not evident failure/loss of performance during visual inspection
on the web cam & online monitor.

— ~20 hours of data in total

0T (ref run), MPV/MPV 0.5 T, MPV/IMPY
o magnel R magnet

1T, MPVIMPY s

= =1 i it =
i) e Tap_ 05T | | Loy map 1
= 1.08 e mag 05T —0e E o =
F [ | Enios z | B0 | Mea 077
B0 B = n s
F E [meanx  sa7 = E
Gk e wb |Veny asos e .k ::l;;l s
E 1 O | Devx 6144 =104 L.l 491
F e T |subevy 1075 E o Jdimy - Hie
20 102 0= 162 -
of 1 o 1 —
2k .58 . 0,58 an
aaf - b Sl L =
E 054 = o o
e B0 =
F .62 » 082 F
=) mi— B0
s bbbl B, Y S s S I e
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What is still to be measured ?

Technological prototype () Energy resolution
vs Physical prototype (9) — various W configurations

— 4x surface density, — low energy response

— ~ /2 longitudinal density — High Energy response vs rate
— Wafers thickness ~ /2 (320 ym vs 500 pm)

— # Wafer configuration (Smaller GR, less coupl.)

Angular resolution
— not finalised on ¢-proto
Timing
Expected effects : — o(mip) ~ 1.4 ns with SK2a (on test board)

— Decreased capacity = lower noise — Noise pattern for PFA studies
Uniformity: space, time
Update of PFA studies

— Separation power y—€

— /4 (surface) x 2 for thickness

« SIN~....

— Decreased sampling fraction = worse resolution

_ Small dead zones Hadronic interactions (x4 in lat gran.)

Vincent.Boudry@in2p3.fr ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018 23/47
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N ew F Ev 1 3 F. ‘Magniette, B ‘J\fan'ny, R. gu'zfﬁa14111c1,t, ‘M. Louzir, V. ’Boucfr}/ (LLCR_),
R. Cornat (LPNHE), S. Callier (Omega), T. Suehara (‘Kyusﬁu),

| 8-49%c
Expert review of FEV11 after BT chan (for

= 15 points of improvements being implemented:

— Low noise design: differentiated analog supplies, data routing, phasing
of clock, new decouplings... .

— Unique Tag, PT100, ...
— FW: Clock Freq, UDP, sync of EventlD, ...
— Optimized routing to avoid long paths

thin connectors (compatible with ILD-like design)

F Zone

Adaptor board: new design (SMBv5)
— to be produced by Kyushu

Vincent.Boudry@in2p3.fr ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018 24/47
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new PCB’s

FEV13: 1t batch scheduled for end of March (delayed)

+ 2-3 weeks of cabling. Connectors on
one side

Ultra-Thin capacitors

FEV-COB (Chip-On-Board): produced by SKKU
Bounding by CERN

being commissioned (LAL)

Vincent.Boudn - /05/2018 25/47
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Additional production of shorts SLABs in 2018

2016-17: 10 ASU’s produced: 325 ym Wafers + FEV11 + SK2: 7 OK for physics
— 3 SLABs are broken (bef. Beam test) : 1 broken, 2 too noisy (1 after manipulation) = To be repaired (if possible)
Material is available for additional production
— Wafers: 10 ordered by LPNHE from HPK (525 pm) + 25 @ LLR .. skl
+ new production in Kyushu (650 um) (~20) G
— ASICs: ~230 SK2a packaged and tested. a 2100
* include ~1.5ns time resolution; pin-to-pin compatible SK2 § — '
~ PBC’s g = ;
« FEV13~ 5 units ? | o Qaunt / HD
» FEV11_COB ~ 2 units ? e NI -4 Ns resolution
Bl e R

Vincent.Boudry@in2p3.1r ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018
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Long Slabs
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Test benches for Long Slab

Mechanical @ LAL Electronics @ LLR
— Precision needed — 4 ASU set-up (2016) T
Cumulative errors = need for positioning — New one = 10-12 ASU with

* no space /align’t contraints
= Connectors
* 1 baby wafers per ASU

Vincent.Boudry@in2p3.fr ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018 28/47
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Mechanical assembly chain S
9. Bonis, A. Thiebault
for long SLAB

Gluing on HV Kapton & Soldering of

— 8 ASU’s of 180.3 or 180.5 mm.

— in U-shape carbon-fibre cradle or
on simple carbon plate. (181.4 £ 0.3 mm)

Alignment of two ASU wrt each other :£0.1 mm, Straightness
deviation of 0.1 mm.

In test phase with simplified ASU’s

S

using pick-and-place manipulator

= 1
= |

s 1

e - < ™

S i :
o el = e T

L= D B g S

LR ..- -. YRR WLy A ! "1-

st S I S s
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. ‘Bonis, A. Thiebault,

On interconnection 9. Jeglot

Interconnection is maybe the most involved piece of the assembly
Current solution with Flat Kapton + Iron Soldering works — Short Slabs
— But... Interconnection so far made by hand & Delicate work

Application for long slab requires automatised (robust) procedure

— difficulties to find supplier for developing such a procedure...
Test of GradConn (Taiwan) connectors

: . : GradConn connectors
— BBO02-YN series: 35 pins, a pitch of 0.1 mm (from Taiwan)

— height 1.5 mm (1.27 mm are also available).

— 1A at300VAC.
Under tests...

— No defect found (yet)

— mechanically sound

Vincent.Boudry@in2p3.fr ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018 30/47
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N ew d es i g n fO r M. Anduze, F. ‘Magniette, . Q\fmmi,

‘“electronic long slab support” Beelleiiis @ Syl

Scale to support electronics .
— 2+6+4ASUs=~32m i . —_— f _
— Support of SMB " ' . \J .
— Total access to upper and lower parts | |
 Baby wafers (4x4 pixels) on the bottom
Mechanical characteristics

— Movable: table and to beam test

— Rotatably along long axis (for beam test)
Rigidity : <~1 mm per ASU
— No electrical contacts scale / cards
Shielding
— vs Light and CEM

11
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‘Electrical’ Long Slab G. Fayolle (LLR)

2 ASUs mounted — up to 12 expected

— Added one-by-one

— Equipped with baby-wafer (4x4)
— Hood for light protection

— Handling structure for beam-tests
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Cosmic run

Trigger map ADC map single CHIP

as a8 a8 as an an a8 as
M irigs 423 -36.8 1.3 258 203 a3 a3
®: 20- 1691 10 100
= ;é: i A b
. ér‘ﬁ: as‘.é i iﬁé i
» a3 23 93 23 a3 93 23
> o 423 -36.8 -3 258 -203 -83 a8
- - ) i ] P
| i it
ER : EE i EE
i
N 142 148 18 148 18
. “23 360 203 83 a8
jo- f?: i0» pge: 4
i = £ gia:
Agg. g 5= >:§. e
uha :; : 0- L--- E-tt- o
203 20 203 209 00
23 368 203 3 28
i | ﬁ : i ol
s % B s b8
| £ 258 258 258 58 =8
"x 8 23 368 203 83 28
A ?g' 3 g o8 e
B 4 ] “ b -
. 3% a%:‘_ i . e e Ef,e &5
Ce S per C Ip 3 a3 a a3 13 33
-3 -36.8 203 -1a.8 a8
o =0 .;El 75 5 h
E 4] 3
é;;_: &% ‘h. i 5: ek
o 8 368 358 6.8 =8
| 308 203 48 a8
s : '?%: oy
hie - <
i i g
3 23 423 423 423
-36.8 203 148 38
au-
& 0 200 400 &00 o o 200 0 200 400 800 0 200 400 600 0 200 400 BOO
E Trigger-pedestal, ADG channels

idwdi ... . Ll il da

||
Trigger-pedestal, ADC channels
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T t L t h charge_hiGain[26][0)[23] {charge_hiGain[26][0][23]=0 && badbcid[26}[0)==0}
est Wi h

Entries
Mean
90 Std Dev
Sr source
| : beddlg " 316002
charge_hiGain[26][0][): lteration$%:64 [badbcid[26][0]==0} I W I t h O ut t:gm}rc'l gé?g i *1112
_ ! . E : : f j E: : i CO||ima'[0r LanSig 16.53:1.08
L | = B EL It 10 : : : .
IRHIE 105 single cell Some prelim conclusions:
4005— : E E E E i Ii E i 17 ) . .
e i HE ” II ‘ — Perfect noise cellwise
o ;:_'.-_!.rl .a-.'E-l. .-.J-'l:.-'!-:;-' —
e I 10001200 — punch through electron
~ mip like
R N - _ — Signal is ~30% higher
charge hiGain[26][0]{23] {charge hiGain[26][0](23]=0 && badbcid[26][0]==0} . .
_ I than in BT (scattering)
lteration$:beid[26] {bcid[26]>0 && badbeid[26]==0} | Enirios Heis
10* = Mean 300.7
g me | | g 5;3 nat 188 61;81';::31
L Bl & B Wlth PedNorm  1.176+04 + 4.616401 OK fOI' additional ASU’S
E E . PedMean 3+ 0.
e | | = collimator ngsf;a 53412 0.008
Sor - . LanNorm 1346+55
e single cell | 5362060
F
beid[26]
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Test with 137Cs source

137Cs — 137Ba* + B ; | + | E L
*E 1 | bt

187Ra* — 137Ba +y (662 keV) or X (32keV) T | ire ol m MH

R __:_i, _ch__ H

Entrins

y IR SUBIAARUS SR IRA R L0

I

charge_hiGain[26][0][]:teration$%64 {badbcid[26][0]==0

EEEEEE

L: I| LT ] ]

TO0 Fitled value of par[2]=Erle_Pasition Fitted value of parf3]=Erlc_Pente
- 3
BEO = Entries 63
3 Mo 5
GO0 T

LT NN A | | |
R

S R 2

L
% &8 B 3 £ &
[T, I
+
T ' i— e
=
s
I
:t,_
- = H
FoTF
[ Y
_ 25
.E'\.—
N
5%

.
34
L ST
[ 10 | |

400
350 ) )
300
= i h_chie
e e @3 [Errias: B3
Mean 3163 [Mean nl
e 83 | RS i3

A=

It

10 W Ly il
Fitted i
Ly ] P R M =
) Ay £ i) s
charga_hiGain[26|[][49] {charge_lowGain[26][][49]=0 && badbesd[25][|==0 && chipid[26]=-1} gl
charge_hiGain[58](1[49] {charge_hiGain|SB][][49]>1} ea i ‘ | i
termp afb +1 H |
< f et 21548405/ 77 E
Al Marm 54 = 4558 i ‘
r Ert_Position a o [E
1 Er_Pente T
127824 ox [
4L 28+ 23 S ,' L
10° | 152121528
+ 0.0 &
1 4L L] L] [l
Spectrum in hours with 250kBq source

aliie of parfdj-Csl_Fraction chisguare
I I

| L LY R A RAR |
e

e —
i
——
—

————————
—

——|
e

Erlc_Pusition
Erle_Parin

| |
T L} 2 3

— calibration at 6 mips in all chans + pedestal

T R e To be tested with 37 MBq source
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Scintillator ECAL
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Scintillator option 0
AR N

il ’ é T. Takeshita
'l-(EUNT\"ElE-SI

SHINSHU
University of Tiukuba KEE UNIVERSITY
TvOoF ToKyo

Alveolar
structure

Fastening
system
(rails)

186.5

based on CALICE AHCAL
board with SPIROC
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EBU: ECAL base unit T Takeshita

POWER CALIB D

1EBU =

— 144 strips in 18x18 cm2 unit (EBU)

— four ASICs (SPIROC2b 36¢ch)
* Amp/shaper/ADC/memory

EBU

* auto-trigger mode with threshold setting!
— bias voltage control

— LEDs for calibration purpose

Vincent.Boudry@in2p3.fr ILD & CALICE ECALs | CepC WS, Roma | 25/05/2018 38/47


mailto:Vincent.Boudry@in2p3.fr

MPPC : Dynamic range & Noise T. Takeshita

max energy/strip ~<1500 MIPs at 500GeV for Bhabha events 1500 mips
10*
~ needs 10000 pixels (7p.e./MIP) N N
— 10um pitch in 1x1mm? =10kpix ‘:
M, _
— 15um pitch in 1x1mm?2 ~ 5kpix Y .”.1LF|IH abno. g
e MeV/strip
a12000F 3 1
i + honfthingar ]
§Imi 10000 pi_\'e [fﬁill_l‘ltl_”:.':WI]
=10000} '
10-15um Noise rate~100kHz ~ 80o0f
25um Noise rate=50kHz eoook ]
g f ] 16000 pixel+ (Scintillation)

IE-G ‘ID(JHIIWHHEDOH 5o
Incident Phaoton Intensity [photoslecirons on MPPC)

L’k*‘ 'Llang Li (SJTU)

1 T,

nnnnnnnnnnnnnn
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Noise handling: first results

scintillator

Much improved with latest version of MPPC EBU
+ more efficient scintillators:

— SCSN38 — EJ204

10 — 14 p.e. / mip

MLt

with EBU EJ204-3m

in EM Showers
(one of best result)

I i m|
™ 1'
'|| A

Vincent.Boudry@in2p3.1r

Thr.

epC WS, Roma | 256/05/2018

10pm pix

15um pi

T. Takeshita

Too 500 500
ADC [/0.25pC]

%Mﬂﬂ
‘B
a‘m
E=]
glmu--
£ 3 I
wt
n) ||I’h
soo_.
- . BENCH readout
200 |
T
F 556" 5 ?I'LD a0 800
: = = it = ADC [/0.25pC]
i= El1204
] 3""’5 -rectangular
<= s0o -side readout |
. E -14p.e/MIP
E b= [
2 2o i
‘“"i-_' 1
ooy
P;Ld. 'Eéé""éd&‘ m_,?é.;.,.ééé,.._;_.J.......J._z
EJ204
12 200
D sg00t ‘rectangular
% seold -side r?’%ji%m
:| -35p.e
% a3
g 120|
E JW i
' ,'t L
20

ADC (,ﬂ'O 25pC]
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Wedge geometry T. Takeshita

side R/O
Scintillator strip

[ 4.9: Single tapered wedge bottom R/O
“Sr MPPC o .
' . = = Entri 590
Better uniformity W n EM Shower| 5 5945
£ 1 EBU 3 F 10/36 ch working | 5 bs stdarsl
— No dead space foot Wedged Shape Strip| 5% h sieis
R ; pt 5?04 : fam: 30 ;— p2 79.23 + 31.43
integrat g a e y  eses
Better integration of MPPCs 3 MIP peak : o :26 5 MIP peak bs 3993 + 651
= feedb:ck <:a|:>aci‘ca|r14;‘za:m6 uE feedback capacitance
: L 100fF 15 100fF
— soldering on board ok self trigger - validation
= fitting function 10 fitting function
loss of signal (p.e.) by ~30% : e e o g
— .C. ~ 0 200 E
g p y 0230 T S B e b L 0_.1...|,..|.,.||-|n|-|.rﬂ-x|H"-a.|I.L‘-|
300 400 500 (=] 700 800 200 s 400 600 800 1000 1200 A[;[;_Do
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T Tafeshita (Kyushu) Uniformity studies

FJ212~-BC400 Standalone Geant4 simulation is used to optimize scintillator module

double sided read out ik s
+ PhysicsList: QGSP_INCLXX + Standard Geant4 Optical Physics

comcldence reduce NllOlSE‘, LY>20pe (Version: Geant 4.10.3)
. . £30r - Scintillator Strip: BC408, dimension: 45X5X2mm?
. ZF L
Wlth 10um PltCh MPPC 251 + SiPM: 1X1X0.1mm3 , Pitch size 25um, 1600pixel
. i ' « Cladding: ESR, Tyvek
. keeplng the same numb_ 200 " v ! ' ! + Particle source: Sr-90, Center of the Strip, Vertical incidence
=Nch 15 i 4
— L . 1 e
L s _ I8 F Peen,, I L T
10 2 g * ) 14 o B B h g - —+
u - i " - .;,'1) E ‘§"1) 3
' WIth |Onger StrIpS 5' =10 £ ~15p.e., with non-uniformity %“‘ ~15p.e. with non-uniformity
Z .| of33% ="} reducedto12%
45mm STy 8 g @t
A — 45750 55 60 65 70 75 80 8 00 2t 10 pm pitch SiPM 2£ 10 pm pitch SiPM
Position [mm] Al S L o P DR R R =
Tl:_L- — % ml]J.~i1;z-:‘r1t'.e)i:nrn:‘I’I‘.Ij[?nn'l]j‘:I i e mn.e‘ljw;:im i‘.:-i’ﬂr..r.-:‘[:mﬂb dl
= MPPC1 I Sirip (C=00mm) i MPPC2 |/; L//z |/ -~ \ﬂ
- The bottom-center coupled mode is chosen for the prototype
‘_ : 11 France China Particle Physics Laboratory workshop May 220, 201824
90mm
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Much done

Much to do
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Silicon ECAL for ILD Scintillator ECAL (personal view)

— base unit and technology validated integrated device — Much progress on SiPM (MPPC)
* SIN, auto-triggering, uniformity... — Nice performance of device on test stand
— Optimisation work on-going — performance in integrated device to be assessed

* round 13 of FEV, COB
» 8”7, 725um Wafers

— Timing still to be studied
Lot to Learn

— “Last” big piece: building of a long slab
from HGCAL

Silicon ECAL for CEPC: /

— Cooling — Thermal & Physics simulation
— Chip and Acquisition
» S/N # for central trigger as for auto-trigger
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Back-up
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Analysis & Papers

On-going
— Construction & Commissioning paper(s?) — technical mid 2018 ?

* By layer analysis: mips+noise — noise, S/N, uniformity, ...
— Presented at CHEF'2017 (A. Irles), LCWS'2017 (A. Lobanov), Poster @ IEEE (A. Irles).
« DAQ presented CHEF'2017 (F. Magniette)

— Proceeding submitted
» Testof SK2a Paper presented at CHEF'2017 (T. Suehara)

— Shower paper —end 2018 ?

* “Collective behaviour” / High energy: Shower profile, response to high energies
 Might be completed with DESY BT results July 2018.
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Test with °°Sr source

@ § 1-0 (b) 05
5
% 0.8 | | Esag=0.3 MeV 0.4 sic GaN Diamond
o > Si
c 0.6 9 0.3
S g
£ 0.4 Eg =22 MeV = 0.2
o | I (FE]
active zone % 0.2/ : : I
& 3mm T - 0.1
& | :
< 0.0 = 0.0 i T—
+ 0.5 1.0 1.5 2.0 25 '
2.2 +0.546 MeV electrons Departicls St ay (Ae) . T .
— no straightforward mip but fine... () 10 (d_ 1.0

B-spectrum

1 D‘ -_.__.4._.._“_;._-__..4.._‘ ‘....I..- el
10° 10% 10"

o
c =
£ 10' 8 0.8
a Secondary L
= 10°| electrons >0.6
< g

()
$ 10" 5 0.4
£ 2 s
= 10 = 0.2
2 ©

i

(T

10° 10’ 102 10" 10° 10" 10°
| ‘ Energy (MeV) Device thickness (mm)
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