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Requirements from detectors

Basis: sep of H > WW/ZZ — 4j
— 0,/M; ~=0y/My, ~=2.7% & 2.750,

= 0,/E (jets) < 3.8% o

— Sign ~ SIVB ~ (resol)-12
60%/NE — 30%/NE & +~40% L

Large Tracker
— Precision and low X, budget
— Pattern recognition

High precision on Si trackers

— Tagging of beauty and charm

W/Z

W{Z

Eh E 120 T T T
qg Eﬁ i
— 100
ds -
Aa 80}
60 XL
60 80 100 120
m”.’Ge‘u’

Photons in jets
Tau physics (y vs )
2/3 of Hadr IA'in ECAL

Large acceptance
Fwd Calorimetry:

— lumi, veto, beam monitoring

Imaging Calorimetry

Particle Flow Algorithms :

 Jets= 65% charged

Tracks

+10% h°
CALO's

. TPC 8plp ~5+10%; VTX 0, ~ 10 um

H. Videau and J. C. Brient, “Calorimetry optimised for jets,” in Proc. 10th International Conference

on Calo
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An Ultra-Granular SIW-ECAL for experiments

SiW+CFRC baseline choice for future Lepton Colliders:
Endcap2 .
— Tungsten as absorber material

Xo=3.5mm, R,=9 mm, \,=96 mm

To be assessed

by prototypes
— Silicon as active material
Y
Endcap1 a\'\'e‘ ECAL

Particle Flow optimised calorimetry —
— Standard requirements 4

 Hermeticity, Resolution, Uniformity & Stability (E, (6,¢), t) Albeit expensive...

. — Tungsten—Carbon alveolar structure
— PFlow requirements:

. . —
 Extremely high granularity —

» Compacity (density)
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CALICE SiIW ECAL:

Physics & Technological prototypes
Physics prototype: 2005-2011 GEANT4

Structure 4.2
PFA proof of concept (3x1.4mm of W plates)

with comparison to MC Structure 2.8
Electronics outside (2x1.4mm of W plates) R
* 1x1cm?pixels Structure 1.4 »
(1.4mm of W plates) LI
. Y
n N N s
Active zone @* LR

"

~10000 pixels in 0.01 m’

PFA reconstruction
Pion 30GeV — Photon 06GeV separation in ILD

16.5%(stochastic) 1-2% (constant)
with 1-45 GeV e‘/e* at 2006/2008 BT

oy
" Detector slab (x30) E0.7¢ Algorithm
o CALICE 2006 data = Arbor
1% 108 . = Arbor ity
=y A b H-shaped 0,3 mm thick L — Garlic
: ’ T . Pandora
0.95 NLE / = 5L
= granularity
o9 = = 5.0x5.0
7]
i 5 varslon
0.8 g" g = currant
> v

=~ W plates
Alveolar structure 0,5 mm thic
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Silicon Sensors

Cost driver Wafers glued

onto PCB'’s
— ~30% of the total cost of the SiW-ECAL

= Units Cost reduction(CALIIMAX ANR program
— Decoupling of Guard Ring (Square Events).

« "Square events”

- cross talk between guard
rings and pixels
) gy :
P
e
TN
HF
= [=]
L v N
|

— new design of ILD detector

Command Sensors (@ Hamamatsu)
— A\ Minimal cost of Command = 20k€

— direct contact with HPK engineers

— Possibility of design for 8” in 186mm alveola
320 — 550, 650 — 725 ym ?

e
pes

s Loummm | | EER a ! 2 -ﬂ -_.I
e [ E5EE ‘quantum unit’ of ILD
S S dimensions (here 6” wafer)

\/incent.BOqu yx=i ILr\J\J.rI‘\." v VfL\J/_\L,— I. IUE’;I CTOO X U ATl IHUO, \;‘I‘_.I \J \JAI_O \/\/8, 1 2/08/20’] 9 6/48
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Guard Ring Studies (HPK) CAI.I CO

VEIE Capacitance
Baby wafers: contig. & segmented & “} i ' |
Guard ring - 0, 1, 2, 4 Mg\ w mmer 11d = S00um | 5
B el W .. . .

\2

— Floating 1 GR = ‘square events’  =f
— Addit'l GR = higher BD voltage
Cuts size ~ insensitive edge

— Cut size B =500 pm i N
— Cutsize C =350 ym i Pixel) ) Dark Current
: . e e———
Prelim Conclusions: 2 [=womcz FEIGR=350um o=
Cut size B 390 (s Cy E ’:. _s’:n]:;:::‘:r -_?=500um ;d=i__20umW
. 150um  ocoHm Gl Size ==
Cut size C

— 500 ym cut size B preferable
new 2018: 550 & 650um wafers

— no yet used

350pm

o¥, 4 [T | il g o pey o
0 100 200 300 400
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SKIROC2 / 2A Analogue core

2018 | tested 2 e R

12 bit-ADC Ramp Similar to SiD Kpix

Ch63.-~ 101D READ ==
S oo I Rm_&ﬁ * 64 channels
: C2=1 6pF i re ; - ® Preamp
v == | N .
i
| . S—— _ | +2(auto)Gains
! R;,( 1ar 10M Ri=dk  Cl=dSpF | 1 REAL T = + TDC ("'1 _4nS)
! : e i “v g E : out_tdc i
i cf ) \ “ ; {>~ 2 u alih . Auto-tnggerec}
i 4001 8001, I.r»:a.J.lpF out ssh G1 X ::::(E:I]l.l * per ce” adj.
| {-!_I_ijf- e conversion ° 15 (X2) analogue
! > o out_ssh_G10 i
B I Sh. G A memories
| FaC i — L Gain,selection * Low consumption
: . : T
; Tl Vth_gs | e 25 uWi/ch
| | iﬂepﬂrﬂs with 0.5% ILC-like
; 1or, 200¢, 300¢or doore | | duty cycle
| . TDC on ?
' (slow control) e POWGF-pUISed
HOLD Auto Gain ?
Forced Gain 7
>_m 8-bit Delay Box (slow control) |
th_trigger, 2ty Aoy
I—-—QL Sel FlagTDCh Ext ?|
FzrcengFagTDCXl: ?
4-bit DAC | (slow control) . .
adjustment e P (]Ic\klalt (1;|nal chlg)
u -Suppr.

B, FLAG_TDC .
10-bit DAC (from Digital ASIC) (743

10-bit DAC
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SIW-ECAL Building blocks:
SLAB’s & ASU’s CALI(e9

R&D for “mass production” and QA

Shieldin
— Quality tests & preparation of large production PCB (FeV) » - 0
. 16 SK2 ASICs - CA'._. ed
— Modularity — ASU & SLABs 1024 channels Vo
— Choice of square wafers ASU
* (# from hex: SiD, CMS HGCAL)
Numbers (RECAL = 1,8 m, |ZEndcaps|=2,35m)
(likely to be reduced by 30-40%) Adapt(‘?srlvtl’gfrd
— Barrel modules: 40 (as of today all identical) Carbon+W U layout of a short slab
— Endcap Modules: 24 (3 types)
ASUs = ~75,000 . Tests of
T ASVS =T, producibility

» Wafers ~ 300,000 (2500 m?)
» VFE chips ~ 1,200,000
* Channels: 77Mch
— Slabs = 6000 (B) + 3600 (EC) = 9600
» #lengths and endings

Tests of feasability -

Vincent.Boudry@in2p3.fr  SIW-ECAL, Progress & Challenges, CEPC CALO WS, 12/03/201g layout of a long slab 8/43
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ASU: 11 years of R&D

Most complex element: electro-mechanical integration

— Distrib / Collect signals from VFE (ASICs),
Analog & Digital with dyn. range = 7500

— Mechanical placer & holder for Wafers — precision

— Thickness constraints

FEV11

Di_l%+ SMB

" equipped
with 4 5i-
wafers

256 P-I-N diodes
0.25 cm? each

Vincent.Boudry@in2p3.fr S

FEV11-COB

Milestone

1% ASIC proto
13 ASIC
1% prototype of

aPCB

1% working
PCB

1% working
ASU in BT

1% runin PP

1° full ASU

1% SLABs

pre-calo

1st
technological
ECAL

Date
2007

2009

2010

2011

2012

2013
2015

2016
2017

2018

Object
SK1 on FEV4

SK2

FEV7

FEV8

FEV8

FEV8-CIP
FEV10

FEV11
FEV 11

SLABVFEV11 &
FEV13 SK2a+
Compact stack
Long Slab

Details
36 ch, 5 SCA

64ch, 15
SCA

8 SK2

16 SK2
(1024 ch)

4 SK2
readout
(256ch)

4 units on
test board
1024
channel

7 units

7 units

SK2 & SK2a
(otiming)

8 ASUs

ALI{(€eD

REM

proto, lim @
2000 mips

3000 mips
COB
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 (12)Trig,
6—8 % masked

Improved S/N
Timing...
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‘Simplified view’

LLR LPNHE LAL

Positioning and Gluing H Kapton >

v

Dimension check ‘ ‘ Dimension check

Functional Test Di ion check Positioning and Gluing

L]

\ [
\ \
Functional Test } } Dimension check }—b{ Positioning and Gluing

> Di o Eliats Wafer \ i
‘ Dimension check Positioning and Gluing
‘ l

Check of ’
specifications ) :
i Soldering Interconnexion
Kapton
Electrical test

Dimensions,

Electrical (I, V, C),
< FEV H Functional Test }7> Dimensions check Visual aspect

‘ Glue Deposition ‘ ‘ Positioning ‘

L

v—l Y

\ b 4 Validation tests

Fixing ~ Electrical testing L ASU

................................... Validated SLAB

Qincent.Boudry@ianS.fr SIW-ECAL, Progress & Challenges, CEPC CALO WS, 12/03/2019
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ata-Quality: 10 SLABs produced in 2016

Forge Page (redmine |n2p3, |_|_R) Files: Wafer test (LPNHE), Passport (LAL)
Boards Commissioning

SLAB 20 SLAB 20

fealice fwiki/SI-WEcalSLABS e B @ M 2 wrentneullly same

SLADID
Turn around the shab and check soldering points in :
Slab 1D : 18 « DIF resistors (for skow control) 0K
sU381#9 LALick For tests -HV (GND at SMB) Ok Resoldered ground HV ot bottom slab (Jerome )
ASU version :FEV11
comments and others :
sU 3 B8 1#10 LLRJok On detector Skirec version : Skiroc2 NASICS : 16 - aluminum plate is not grounded.
R - boworm of the slob {aluminum) is grounded (herween 2-50 ohm)
DIF ID : k. Flrmmware wersion : 1603
sl 3Bk 1 A LAL/Brolan bsuacwith HV ghulng - Museum part SBM ID | Vb 22 SMBversion : SMBV4 Turn slab arownd, open aluminim cover and do a check of soldering poinss :
Ok {Jerome)
’ " r Wafers IDVInfs : ?
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 (muli \
sU_4b_11_F_#14 SLAB14 & | LLR High leakage; 1 wafer has problem
Comments :
sU_4b_10_F #15 SLAB15 » | BT@LAL Kaptan tape covering the internal face of the alursinum plate that covers the ASUL : [
sU_db_11_F_#16 SLAB16 « | BT@LAL Issue with interconnects, FIXED GOOD SIAB
e led b
sU_4b_11_F_#17 SLAB17 o | LLR Tiine e lowks sl
sU_db_11_F_#18 SLAB18 & | BT@LAL
sU_4b_11_F_#19 SLAB19 BTELAL SHORT on DVDD, repaired, TESTED partly OK
Commisioning by : A Irl
sU_4b_11_F_#20 SLAB20 o | LLR "’ i
at: LAL, ECAL workshap
sU_4b_11_F_#21 SLABZ1 4, | LLR LVDS res. missing semap : Protaype rack (s ssed in 2016). PVC prosogpe for single sioh, Cosmics taken in @ table. [Configure - RED LED ks 13 |'

Cahle : HV 5 conmected to first HV connecnor in parch pannel.
i Slabédif 1, connected to first conmecior in patch pannel.
sU_4b_11_F_#22 SLAB2Z BT@LAL LVDS res. missing GDEC VI_1, port 1
Courments :
Nouveau fichier
Single Slab Commisionmng 1, 315t May 2017 Single Slab Commisianing 2, 31wt May 2007
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Newly introduced autome;tic alignment
(X-Y with camera and Z with laser

;" |
g
-
y
- i
Nt 6y — = -
L 4 — =
|
i
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Beam-test 2015-2018 Al.l Co

SIN, . =16-17

- __ CERN 2015 M ped )/ 3o DESY 2018 [ s, ~11.6207
g e " ” 0 Trigger — ~1/3 mip (est.)
: I__jz: e Naked FEV11 Defaults catarac 7 FEV11 + 1 FEV13(650pm) AL
5 T:. . ——— s T SIN,,. ~ 30-40
=, 5 * ~ high thr.
= e~ E— !’.Z;."? 3 * sqgevents/ 10 amep

A condison

'
1
. [
'
v ot b
d
l’ L]
.'igv |
L]
g - l'l"
| t
m
N pedestals per (ddschip+channe+ 5CAsrun}

Si = 600 RMSpedestal)

treshald [DAC)

@ Slab 17, 18, 19, 20
®SIN=116 £ 0.7 S

&
4
3
2
n
o ]
jmm]

CERN 2018 ([ Meskodch FEviD ~4% )

6 FEV11 + 4 FEV13(320 & 650um) + 24X, W |

DESY 2017
7 FEV11

i S abarycenter_vs_nhits

! - ; - f

S/N In the charge measurement (all layers)
T T

1 2000

[ SIN,. =203,

Oy = 1.5 (7.4 %)
masked ch. ~ 8 % i
Hit eff. ~99.95 %
0°, 45° « SIW-ECAL
1T operation
—_ S —— ]
Vince T -ECAL, Progress & Challenges, CEPC CALO WS, 12/03/2019
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Mechanical Assembly for SLABs

Assembly bench for:
— Fragile Wafer
— Precision of PCB’s ~ 50um
= precision of 100um on SLAB

— Interconnection

Connections to be handled by indus
— Dedicated Kaptons X

SL-board

Height : 1.5 mm (female)

— Connectors iyl BN

Pin distance 1 mm

End of Slab and DAQ R&D

Omm

Breton/Maalmi/Jeglot

X

Vincent.Boudry@in2p3.fr  SIW-ECAL, Progress & Challenges, CEPC C
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1°* ‘electric long slab’ (2018)

Support of interface boards + 12 ASUs (DBD)
— 2+6+4 ASUs =~3.2 m
— Rotatably along long axis (for beam test)
Rigidity : <~1 mm per ASU

— Total access to upper and lower parts

» 320um Baby wafers (4x4 pixels) on the bottom

Fit with Mod LanGau function °

" Plato from double | om0 st .11 st
pixel crossing - v _ s i
3" ] | [LanGauss 1mIP] | PMS, ot
§ /' e wgrs
5 C Arga 26246405 £ 1.3730403
" Trigger Threshold wo! [ ey 06506 400331
Error Function I P2 D aa:q.;: 1&3‘
. | Area2 DEB0+04 + 188204
> E JIr LanGauss 2 MIPs. | prdecect 182 o
Fit = modLG % er : Eowidn
y f o S * Readout works on 8 ASUs
-~ ! 'M . .
o i with HV decoupling
% o 200 =0 4 00
i ~10 ©
“modL{z,j,0) = (1 —c) * Liz,pr,0) + e [[7 L[w LR *~10 /Odrop due toLV ?

A i al i v el o o1l
‘modLG = 77 modL(t, p. o) « G(z — t, g, 0¢ }dt 1 2 - .
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ILD conception
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A crack-less ECAL geometry
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ILD ECAL Uniformity

/
/-
/-
/.
e
//
e
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CFRC+W Structures
ILD Design

Camposiie par with
metallie [nsarin
{15 rmom thick)

Thickneas Tmem

Fibre
Bragg-
Grated

Vincent.Boudry@in2p3.fr  SIW-ECAL, Progress & Challenges, CEPC CALO WS, 12/03/2019

Measurements
with FBG
still to be done...
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Static and Dynamic Simulations

Study by T. Pierre-Emile Thomas

Mode 1 @ 2,3Hz Mode 2 @ 3,05Hz Mode 3 @ 3,8Hz Mode 6 @ 7Hz
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ECAL driver used in ILD models has been largely re-
written (Mokka — DD4HEP)

— more modular code:
— less duplication Barrel & Endcap

— more configurable...

ECAL barrel

standard

megatiles

layers
inside
module

e e e e e —

i LI R G e L
—o -_ _ _.1allenges, CEPC CALU vvo, 1470572075

— Drop ~ 15% -
5 1
Effect of plug (missing &
in previous simulations) ¢

barrel e —
module T 10GeV theta~57-69deg

simbitNoConvEnWiPhi BARREL

'] ; r
CT] e —

plugLength = 2 mm

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

Effect of cracks [RAW= no correction ét alill]

simhitNoConvEnWtCos | h_BAHHEL

.10GeV, -5<phi<5 deg

4i towers es

i B

| A A AR

plugLength

=0 mm

0 01 0.2

T pogLengih = $mm

....................
LT T R TR

P |
03 04 05 0.8
cos(theta)

samhithoCony EnWWiPhi BARREL

| —

.........
A em

= T L =
anlomd o
Marc's design
simhNGConvERWIPH_BgRRAEL= = = = == = = mhaNoCagvEnWIPh_BARREL simhitNoConyEnWIPh_BARREL
e i ——— 1T
o =l £ ¥
** rpal K. P
e =ik : :
4 it e B
& B ]
™ s T N
gt $of boad
.;- | ¥
" piyglLength = 8 mm plugLength = 13 mm pluglength = 18 mm
S N Loouctiipue®y & faiial

9
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Rails, Cables & Pipes (Services)

’A
2

w a2 o~
/} —— ! : -~ . ‘ - | & Event builder
Y YWY S TR TR R P : “ : §

pY RAM E Signal I-ll"ﬁiﬂ

Ei;‘.ﬁtmun memaory bus
Data uncap

Test 10
Kapton cable

Rigid+Flexibl
Cooling ON igid+Flexible

Cooling OFF

g’
T s ; Existing CORE MOTHER

YH  First tests results in line with simulations s e

AL

Barrel : (1.5m) End Cap : (2.5m)

AT = 2.2°C AT = 6°C HEe T
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Active cooling

R&D using CMS studies (Thanks to Th. Pierre-Emile from CMS-LLR grouja)

Passive cooling Active cooling
P L > < >
Y VYV VYV V¥V ¥ ¥ VY V¥ Y Y VY ¥ Y VY ¥YP Y VYV VYV VYV VYV VYV VYV VYV VYV V VP

X

Passive cooling ramp example

Active cooling test layout (400mm x 300mm x
3mm thick copper plate with 1,80D pipes
embedded)

Passive cooling ramp set up test Active cooling set up test with water at room temperature

Vincent.Boudry@in2p3.fr  SIW-ECAL, Progress & Challenges, CEPC CALO WS, 12/03/2019 25/43
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Active cooling
R&D using CMS studies (Thanks to Th. Pierre-Emile from CMS-LLR grouja)

581.8

ASIC BGA

PCB 1.6 mm

Silicon wafers 0.75 mm + glue 0.05 mm

Kapton HV 0.5 mm + glue 0.05 mm

Thermal static CFD analysis thermal field example using Fluent with 100W extracted and Tunsgsten 3 mm

Pipe insertion on a cooling prototype water mass flow rate of 7g/s through 1,5mm ID pipe

I
”
Vincent.Boudry@in2p3.1r Si\ﬁ]—ECAL, Progress & Challenges, CEPC CALO WS, 12/03/2019 Y 26/43
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Redefinition of dimensions

* Full costing (hardware and man-power) and integration planning done by Henri Videau
* 3 designs looked at

under work version of ECal Technical Design Document (TDD, ~100 pages)
by Henri Videau (LLR), Marc Anduze (LLR) and Denis Grondin (LPSC)

— a “paseline” (or “large”) with inner ECal radius at RECal =1804mm, (model close to the DBD) with 30 layers
— a“small ILD” model RECal ~1500 mm (all related quantities adapted <> R, Endoaps )
— a model with slightly reduced number of layers = 26 layers
* 725um thickness with 200mm (8”) wafers ; 5.08 — 6mm cell size
* ~identical photon resolution expected

* 13% gain cost on Silicon surface, PCB, and 40% on electronics (and power consumption) wrt DBD
 Improved S/N ratio & timing, less channeling @ 90°

Vincent.Boudry@in2p3.fr  SIW-ECAL, Progress & Challenges, CEPC CALO WS, 12/03/2019 27/43
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1381.6

for optimal use

14104

1430.2

m "

Vincent.Boudry@in2p3.1r

(2 sides x 5 columns x40 modules)
SIW-ECAL, Progress & Challenges, CEPC CALO WS, 12/03/2019

Matching of large and small rectangles,
triangles and diamonds to be detailed

- (26 layers x
- 8 quadrants)

add’l small rectangles:

87 % use of surface
(83 % for an hexagonal shape)

146.87

_8/43
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Conclusions & perspectives

Technical Milestones: Next steps
At hand on CALICE prototype: — Final chips (SK3-like): full 0-suppr ...
» Workable, scalable design  machine dependant (duty cycle, timing)
» ASU with 1024 channel « continuous running for circular colliders

Signal/Noise > 10 (trigger), 20-30(ADC) » Embedded cooling

on-going: HE e-response — Industrial aspects (components, aging, ...)

* Reduced GR event rates

— Double Layered Long Slab Prototype
On-going on ILD-like design _ -

* Design with Larger & Thicker wafers

e Connection over 8 ASU’s — Cost ~ stable

* Mechanics & Cooling modelised > Demonstrator for industry
 Thicker & larger wafer (S/N-")
— red. number of layers, dead zones

» Compact DAQ

— Estimated cost ~160k€ / piece
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Parameter optimisations

=)

A new feeling , AFTER the staging proposal N 5 i )
’\_‘ i AHCAL (Lol) AHCAL (recent) a
=) L i -3 45GeVjets -4 45GeV |ets I
.°\. = - -i--100 GeV Jets -4 100 GeV Jets o
KR L AL T & 5 -4 180 GeV jets -+ 180 GeV Jets 4
- it inl - = -37-. 250 GeV jets -+ 250 GeV Jets 4
\LI:I, i - | e e i 8 [~ 7]
Q G — 0 i i E i i
C i Ty o [ a0
o | - i \ = s =
) i | — - iy -
= | il [«
= S = =
S~ I-I_“'L"-:l-_ B s o 5 B ciTem T eeow 00 s =i
— B _ —1 - ) - -
wi 2 [ ‘pHCAL e g
— |} R = S -
PR e araineit RN i, 2 [ s e g
U;n 5 5 ) 117 i ¥l o 3 [ -=-100 GeV jets ™ ":
2 x5 mm? cells nLayers .- 180 GeV jets &
. 250 GeV jets o
o 15 20 25 30 i i

Number of layers 25

O SN U I S I

Internal ECAL radius (mm) RIS [mm]
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Reduced number of Layers

Going from 30 to 22 layers

— Reduction of cost; (small) reduction of R,,; increase of Energy resolution

» “petter separation at the expanse of the intrinsic resolution”
Increasing the Si thickness to 725um, if really feasible (next slide)

Energy resolution o(E)/E:
— for 22 layers w.r.t. 30: +16.8%
— with 725um w.r.t 500um : -6.1%
ECal thickness =190.1 mm (close to 185 mm of DBD).

— 22 layers = 14 layers with 2.8mm thickness
+ 8 layers with 5.6mm shared between structure and slabs.

Study needed on separation, resolution and efficiency performances
at low energy.

— JER: o(E,)/E, +10% for 20 layers (500 um).

Vincent.Boudry@in2p3.fr  SIW-ECAL, Progress & Challenges, CEPC CALO WS

o0(1GeV) in % & Linearity

25,
Impact of the silicon
20. | thickness
on the resolution
L5,
10.
J. 7
] the resolution goes like22%/V/1 + th.
where th. is the Si thickness
i in hundreds of microns
LU LA LI N LU L JLINLEN LY LI LI L LU I O L BLBL L B LB
0. 2. 4. 6. 8. 0. 12
Si thickness /100um
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Cost Structure of ILD

180.00%
160.00%

Transport
140.00%

Global DAQ
52120.00%

integ g
©100.00%
Beam tube 0.1%
80.00%
Forw_Calo 1.3% 60.00%
vTX 0.8% 40.00%
Inner Tracking .5%

Magnet Anc.

Muons

Coil

Yoke

AhcCal

Ecal

TPC

outer

0.0% 5.0% 10.0%
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2. L AHCAL (Lol) AHCAL (recent) il
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© i {\. l
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e fi ]
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w i ]
= |
v H ]
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- i
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Integration in ILD: thermal studies
by Denis GRONDIN / guﬁen GIRAUD (LCPSC)

Puissances ASU/SLAB W) 1 | 2 [ 1 [ 2 |
Puissances Front / SLAB (W) _-__

Total (W)

Important thermal inertia => 4 days minimum of stabilization
& Challenges, CEPC CALO WS, 12/03/2019
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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), MPVIMPY _— 0.5 T, MPVIMPY b i 1 MPWMPVMm

magnat
= 1 e —atf = —tit
" Bl — e
= = ag 65T 1 —
b e b [Ee E il " Wk {8
F 16, b |Mea Sh 1 - ke
uE b vany s ok
= 1 T |SMDevx G4 104 o 1.04
F e E |SwDavy 1075 I
a0 102 = 162 LS 162
of 1 of- i - i
2 .68 20 .58 -1 . 58
-l == e = i "" “0E l i
E I E od £ W 84
e el B (=
- 02 E 062 E E
B ~Bl — 0 —
ol b L g ST U S S SRR T o Eliiiloiilen kot = )
* TNA support + WP14\&
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FEV13 assembly in Japan

Similar to production in Paris region

Result (°*’Co)
R

charge_hiGain[30]{16] {badbeic[3)[0}==0}

* We can get data now !

But we have to finish to acquire datas in 4 times, because we have to
test 5 SLABs. We already finished only the SLAB.

S/N ratio is about 30.

Dispense glue to flex Mount sensor+PCB = 1 day cure
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= A R A / 20— *”/
Oy 50 o0 150 L — 3 b0 4s0 = ot ﬁ‘.—
Channels (ADC) Channels (ADC) | = 0i— e e ST T e =t
e foo D{tjaa)
——— MP(a) = MP(0)/cos(a) <———— modL(z, 1, 0) = (1 - ¢) % L(w, p,0) + e [ =5 dt =T

- - - - -y - ‘modLG = [**m spo) Gz — & pe, o0
Pixel energy fraction depends linearly on crossing position ™ = - modHls )+ 6z = biic,ca)dt
" = Energy deposited in the detector

o

%10 h
o0 "Eniries 16583120707
- Mean 2151
Si cell Bﬂ:— |RMS 9885
Convolution s
/ fonction ' b Simple Geant4 simulation for
o0E- 5.5mm x 5.5mm, 325 um Si detector
a0l Uniformly bombarded by 3 GeV
s0— electrons beam with 60 degree angle
w0
20':
0% ra R T o T T ST R T

5.5mm
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Mechanical simulations

Global deformation of
ECAL module (static case)

0 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)

0 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 SR
thickness

Déplacement totz|
dplacement total

0 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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Test of SK2A - Timing

Adding 5t dimension: Checked SK2A on Test Board
— Can: — Thorough checks on 1-2 mip injected signal
 |mprove Particle Flow SW with ~ns mip precision » All seems OK
— Tracking of particles  No difference in Analog part

— Removal of late neutrons
— |dentification of back scattered

* Allow Particle identification by ToF with sub-ns precision

— Trigger:

* large channel-by-channel adjustment v/

 TDC: OK SKIROC2A TDC mean
2200
— Clean Clock distribution 2150 t
« Shower timing ~ 1NE £ 5% a
8 2050
8 2000
—_ .
— @ LHC See presentation on HGCAL o
@ P mn(ﬁount / ns
msnws resolution
B0 0T B0 5036 40
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Integration in ILD: thermal studies

by Denis GRONDIN / Julien GIRAUD (LPSC)

Tests and simulation on detector (EUDET module) CA'-"GQ

| Dummy SLAB with heater to simulate power dissipation : e

- ASU=>0.5 Wto 1 W per 2 SLAB
- Front=>0.3 Wto 3 W per %2 SLAB
- Cooling effect.

Realization of 15 SLAB (Aluminum / copper / Plastic)

Heat exchanger connection

Front Heater
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Mode Fréquence [Hz]
203,56
204,24
206,17
208,13
211,64
212,02

Rails fixed

-

i-r.r-l
O b WN

Total Displacement

Problem of bending stress of alveoli skins:
influence / evolution of thickness of outer plies

Safety coefficient |
* Static: Sufficient / to the stress induced by weight of modules Carbone
* just sufficient / seism (s =3.2 for Japan?) 5

/ risks during integration and transport

VRAnSTEASS M9 of ext- Plies. dmpact on ECAl-dead zone=0.5mm, 1 extra external ply on modules

. &
L |
‘ il
stressﬁn ture
— -

Optimisation on going / rails localisation/ on going
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Jet Energy Resolution [%)]
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Thickness of ECAL PCB [mm]

Single jet energy resolution as a function of the thickness of PCB with
embedded electronics.
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Single jet energy resolution (rms9o=E ) in the barrel region (j cos j <
0: 7) as a function of the number of ECAL silicon layers in events e+e-
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Single photon energy resolution as a function of the number of silicon
layers for four photon energies.
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PRELIMINARY

PRELIMINARY
B 10 T 4 sserg
w = prototypes %
[ M| = % e — e
= S 38 _&—%
= [ e

= 9 g "’ e 455 GeV jets
S GR width = 0.0 mm o 3.6 —e— 180 GeV jets

. = —e— 250 GeVijets _—*
S 8- 2 3.4 = |
b GR width = 0.5 mm @ = T
o LE /"’*_F -
= — : =
8 ri= GR width = 1.0 mm L, 3.2F A
E . t . 1 L 1 I

GR width = 2.0 mm 30 0.5 1 1.5 2
6 1 1 I Guard Ring Width [mm]
0 0.2 0.4 0.6 0.8

| cos (theta ) |

as a function of the guard ring thickness.

An ECAL average signal versus azimuthal angle. The loss in
inter-sensor dead areas is visible (between barrel modules, barrel

and endcap

and between the sensors, the latter depends on the guard ring).
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Resilience

< of Single photon resotution'
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