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An Highly Granular ECAL at Higgs/E-W/Top Factories

for Particle Flow based detectors

. . . ECAL
Full Reconstruction of single particles Particle Flow Algorithms.., C

* Jets =: :65% Charged =+ 25% Yy ||+ | 10% h°
Charged measured mostly from trackers . Tracks : || ECAL ECAL+HCAL

...............
Neutrals only measured from calorimeters

o TPCOp/p~5-10°; VIXO  ~ 10 um
— Large Tracker PP " UM

* Precision and low X budget H. Videau and J. C. Brient, “Calorimetry optimised for jets,” (CALOR 2002)
* Pattern recognition o | Pandora PFA: EPJ C77(2017) 10, 698
— High precision on Si trackers TN A | — HCAL energy truncation |
) g i —— SC for all at reclustering |
¢ Tagglng of beauty and charm % i - Intrinsic energy resolution
Large acceptance 500 ™ %— 4:_ \ ---------- Confusion term __ Software
. % I \ | Weigthing
- N\ F A l
— Highly Granular [ P
Imaging Calorimetry oolTh 1 o fe __'__.VCOnfus.on
+ Particle Flow _ . | (cluster
\ Software y WA . Lrawo(EYE F™ ] misattrib,
%00 1000 1500 2000 2500 B0 100 150 200 250

: : L[Gey)  MeErging)
Low E jets = where PFA brings most ;
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Particle Flow Detectors at Higgs Factories

Basis: sep of H > WW/ZZ — 4
_ 0,/M, "=0,/M, "=27%0 2.750_
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Particle Flow ECAL should :
spot tracks & showers from charged (h*, e*)

— Dynamic range from 1/3 MIP

measure Photons in jets & Tau physics (vs 79)
up to ~3000 MIPs

measure 2/3 of neutral hadrons interacting in the ECAL

measure Time-of-Flight (10’s ps) for improved PID
Could also

track particles & shower with centrimetric timing
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Design Constraints

Vincent.Boudry@in2p3.fr

g Shielding

1024 channels

Adapter board

(SMB)
Instrumental Ulayoutofas
Electronics
A Mechanical

ArrE
E,;‘.[ ECAL Thermal

Structure

Cooling ‘ \ > 200 ms iming
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Prototyping and Testing
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TG Timeline c

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

Structure 2.8
(2x1.4mm of W plates)

Structure 1.4
(1.4mm of W plates)
apl

x (40+24)
petector siab (630) Technological (now) > s
Physical (2005-11) — Embedded electronics Pilot = Full Detect
r
— 1x1 cm? on 500um 6x6 cm? * Power-Pulsed, Auto-Trig, delayed RO lote uli Letecto
Pad glued on PCB * SIN = (MPV/Oose) = ~12 (trig) - 1M - 70M channels

Floating GR
— x 30 layers (10k chan).

— Compatible w/ 8+ modules-slab — on 725um 12x12 cm? 8” Wafers ?

_ — Pre-industrial building
B 5%5 mm? on 320-650m 9x9 cm?
=xternal reladlout x 26-30 layers V\Lee? ere — Full integration (> cooling)
— Proof of principe * 8k (slab) ~ 30k (calo) channels — Final ASIC  fAlmost ready’ for LC

To be revisited for CC
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Microelectronics

MEGA

e R

12 bit-TDC Ramp

12 bit-ADC Ramp

=~

Slow Sh. G1

Rl=4k Cl=45pF

C2=1.6pF
1L
L

VW™
R2=100k

Rf : 1or 10M A /VW\_I.”
Ccf J

/I

]
400f ,800f, 1.6p, 3.2pF &

Siow Sh. G10

RI1=22k  C1=8pF

—
y H. GAIN

G10

L. GAINT %

vref ss B——

Fast Shaper

5p.10p, 15p or 20pF

100f, 2001, 3001 or 4

out_adc
>—>

Time,

XCc=s

ssh_Gl1,
ssh_G10

conversion

out ssh_G1

out_ssh_G10

JL

out_trigger

-
Vth_trigger 100ns to 300ns
4-bit DAC
adjustment

T
éﬁecﬁon

Vth_gs

TDC on ?
(slow control)

Auto Gain ?
Forced Gain ?
(slow control)

Vincent.Boudry@in2p3.fr

10-bit DAC

| 10-bit DAC |

DI21 IN2P3 DRD

FLAG_TDC
(from Digital ASIC)

| SIW-ECAL | 04/03/2024

SKIROC2/2A Analogue core for ILC (2012)

* 64 channels
* Auto-triggered
* per cell adj.
* 1 cell triggers all
* Preamp
+ 2 Gains + Auto-select
+ TDC (~1.4ns)
* 15 (x2) analogue
memories

* Dynrange 0.1 ~ 2500 mips

* mip in 320 um (4 fC)
* 12 bits ADC’s

* 616 contfig bits

* Low consumption

e 25 uWr/ch
with 0.5% ILC-like
duty cycle

* Power-Pulsed
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GARRAY, - ([T~

FEV10, 11, 12
BGA packaging
Incremental modifications
From v10 -> v12

Main “Working horses” since
2014

FEV-COB

— Chip-On-Board : ASICs
wirebonded in cavities
« Thinner than FEV with BGA
— Based on FEV11

» External connectivity
compatible

FEV13
— BGA packaging
« Improved routing
- Local power storage

« Different external
connectivity
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mpv_layerd_xy

mpv_layer3_xy

2022 DESY & CERN BT

« We have good layers ...

* Homogeneous response to MIPs
over layer surface

= Here white cells are
masked cells due to PCB routing
« Understood and will be corrected

... and not so good layers

« Inhomogeneous response to MIPs

= => major debugging tool

= Partially even no response at all, in particular at the wafer boundaries
= To be understood, may require dedicated aging studies
- Have since last week access to the different stages of the ASICs

= In any case less good layers will be replaced in coming months

Pedestal widths, 1= memory cells, per asic

COB

Pedestal incoherent+coherent noise

Pedestal incoherent-+coherent noise

FEV13

Pedestal incoherentscoherent noise

Lol Lot
0 02 04 06 08 1 12 14 16 18 2 22
SCA

T Lol
0 0204 06 08 1 12 14 16 18

7 22
scA

ADC

— (Average =+ Standard Deviation) of Sigmas for all 64 channels in the same chip
— Latest PCBs, with optimized routing of power distribution shows better behavior
— Slightly larger spread on COB due to a near lack of decoupling capacitors

L G
02 04 06 08 1 12 14 16 18 2
SCA
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sum energy at 10 GeV

sum energy at 10 GeV
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Fig. Simulation e 100 GV

Yuichi Okugawa (PhD in Feb. 2024)
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D. Breton, D. Zerwas,
Compact DAQ readout J. Maalmi, J. Jeglot

“Dead space free” granular calorimeters n -
— ~ 30 mm space ECAL-HCAL i ORE-MOTHER [
e Compact DAQ B

e inusein BT since 2019

LabWindows + scriptings

* Full debug system
Select Fevtypeis (WA vi[wa 7]

Enabls Oiine 30 Hits Color Map: ¥ BR/CF,

s Per Pact (MaxoQtFits b Pod)
Time Interval for Hil Graphs Update:

e = FUDA e e
148923 :
Nb Of kHits per Slab.
|
-

Pad with Max Hits: 30 Hits Color Map
Pad X

* Combined running
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Jihane Maalmi, Crystal

Acquisition software CNRS 2022

Slab Interface Software V412 - o x
Interface Configuration Run Eirmware Measurements Advanced Show Window Help

DIVBRPO®IWIZIOIO

iy - D owsnOs [ 7] Gt el
E [z =] oo o
consse o . s o

- M M == TR P P po | 22
Written in C under Labwindows CVI e
::‘_:E:;’:m e LowGain High'Gain  Both : 23

£ S,

- < s s 5 & "

[} Days  Hours  Minutes asus asu3 asuz asut Asue -4
anadle wnole detector R R v g2

Select SCA Column for lot: | | Charge Display [ On/OR(: 100 scquredfames)  Select COREide prr=rr |

Enable Ext Clock Input  Off - On

Trigger
Trgger Type: 200 3000
. . @ Force Trigger >~
e Two sides with 15 SLABs onlied L
Acquisition Window source: P ¢
& Ato P 000 g
€ From Soft Cmd + hnad
€ From Extemal Signal £
External Signal 4
DelayforStathca 50 (x200m9 Lewe .
° i I H
e r AcaWindowWidth: 32 s £dge 3
Detay betmemn Cpdes. 100 || T £
Acquisition MBits/s Run Elapsed Time: ®
1081

Days  Hours Minutes Seconds
# Acquired Frames. 0 0 o

Make advanced measurements b e o

Events/s  Single Events/s hits /s Cydesss s ) 3 E & 0

o
s 52314 335 205 Channel + SCACkumn x 100
¥ hois Scale - Menual [l Ado  YaisMn 30 Yade Mex 34000 Perst: ™
= ——

Hardware automatically detected Podestal meas. - S:CunveonFEV2 ...

_ Messurement Type

oo —re e Sl o it it Mesmromert- 12 [¥] 5000 ] [16%0__[¥] e ) R [ ] e[ ]
' for ALLASICs | Al Channels ] [ AuscAs | ~] [ High Gain | ] i -'9! o
Max Nb Of Entries (per SCA) Pedestal o Charge it i Select for Pt
o s e - R —
. S - —_ } ‘ 3 - . ; ;
umpner O I, oo e T s o ot 080 omasmm: 008 00
Histos  Mean Values RMS N Of Entries - Mrer gmussian fx: Auto.
- Update Histo % 100 acquired frames. No Of Entries 15359548 Nb Of Binsfor Histo 3327 7 On/0F
UpdateHito % 110 acquied frames Ty A Pedestal Hstogram 3
Pedestal Mean Values [adc] vs Channel and SCA e T 823
= b i
™ P e e e
° Pedestal/Charge Values below: Zow odc coun]
e n u m e r O = e " o
Sooo fade count]

Podestal Messuroments
Save Pedesta Vabes o Cab Sicture
Forsolocted Cor/ 05 )
1D of entries >= 3 100

Slow Control: e

Charge Measurements

 All parameters programmable

* Integrated analysis

S0 &0 70 G0 0 10 TI00 120 100 1400 1465 W o w0 W 0 20 20 20 A0 20 W B W

channel + SCA_index x 100 Pedestal Value [adc count]

s scale Morwst [ Ao ¥ XAt Scae Marwl [ ko Xrmin s scate Maral [ Ato ¥ min 3 o g XAt scle Marwal [ Ato i 3] xmax 4
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Power distribution dedicated for LONG SLAB (2018)

Expected results
33“ Analog power supply (V) In the electrical long SLAB, 8 hoards are

chained and due to resistivity of layer per
board on analog 3.3V, we measure voltage
drop along the long SLAB coupled with

315 _ bandgap distribution.
1 3 5 g e

position

— ASU* (Active Sensor Unit)
nalog

Regulator Filter

LB - We decide to generate local
l 100 ] power supply with LDO (Low Drop
~T T w7 Out) to cancel voltage drop and

=, = =  reduce common noise.
Add filter to generate local

preamplifier power supply

AVDD
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New FE boards

SETX
Seect for Pt o Heto Measrenert: 16+ 518000 [
i i) Seloct for Pl

Improvements:

* Power distributions
* Local LV power regulation: LDO’s
* Local HV filtering & Supply

» Signal distribution (buffering), data paths

* Monitoring (single 1D, temp, probe analogue line) T a—"————T e we
. _ Pedestal measurements vs. Ch# + Mem#x100)
* ASIC shielding/routing el S
Status: St

 Noise uniformity dramatically improved (ex: outliers in thr. / 20)

 version 2.1 produced

* 4 cabled, 2" metrology, 2 equipped with sensors Single channe)
ASIC/packaging
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— Homogenous prototype

Goal:

» 15 layers of FEV2.1 with 500 um wafers

» Uniform and more perfornant electronics
e Could be used for Non-Lin. QED & Dark Photons

experiments:

* LUXE@XFEL (See Compact Calo pres.)

e EBES@KEK
* Lohengrin@ELSA

e All material available

Vincent.Boudry@in2p3.fr

Main issue: failing contacts PCB-Sensor

File Edit View Options Tools

mpv_layer11_xy

DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024

» Conductive glue dots of @2-3mm
 Strength ~ 1/5th of classical epoxy

o . . . .
/ / /

glue formula, small series, ...

MIPSummary2_layer11 - o @
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Hybridization studies :

How to assemble silicon sensors & PCB ?

Revisiting gluing (IFIC, I)Clab, DMLAB) Flatness of PCB
* PCB metrology lJClab (méca) ST IRIC (optical)

* Bef. & After A o B y

curing & e o

soldering Loie0, e

19.40
19.35

19.40

* Glue formula &

150 150

100

prepal‘ation L nge 400 150 0 501:’?@* : nge 99 o 0 30 get
° H . rye
Gluing methods Conductive glue + filling Same PCB before / after 10-day dry storage
* RObOt ; (~InyISIb|e) on a gIaSS plate 19.45 19.50 19.55 19.60 19.37519.40019.42519.45019.47519.50019.52519.550
N . S e=2
Stencil = Measurements by C. Orero, IFIC
* Reenforcement
. : Puncturated
Filling glue It adhesive
* Adhesive films #& o film and
condutive glue
dots

bo OP
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Cell with Max Hits

3D Hits Color Map
Pad X

Beam Tests and Planning for 2025

ASIC’s & copper
shadows
~ no noisy cell
needed to be killed

| = too [ EEEEE

P e croooes, Zone: PadxMin 311 Pad¥hin 37
08 Pad X Max 23 Pad ¥ Max 310

First CALICE/DRD®6 SiW-ECAL beam tests:

3D Hits Color Map.
Pad X

e Initially scheduled for June at DESY
* Moved from Fal-2624, Spring 2025: Started yesterday !

Reason: careful revisitation of the
gluing (hydridization) procedure:

Beam spot

* Deformation of the FEV under gzl -
* Heat : expected -5 W Toutolthe o'l SES
* Humidity : Not expected DRD 6: Calorimetry
* Need to understand before gluing expensive sensors on them Proposal Team for DRD-on-Calorimetry
Milestone  Deliverable  Description November 15, 2023 Due date
Task 1.1: Highly pixelised electromagnetic section
Subtask 1.1.1: SiW ECAL D1.1 Revised 15 layer stack 2024 +1
Ml1.1 Specifications for timing and cooling 2025 +1
D1.2 Engineering module for Higgs factory >2026 +1
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SiW-ECAL for circular EW/Higgs Factories
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Linear — Circular Collider’s Conditions

Linear (ILC, HL-ILC...)

* 250 GeV (ZH), 365 GeV (tt), 500 GeV (ZHH) + [1000 GeV], £ ~
cst.

Power pulsing : 5 [T0-15]Hz x 1 [2] ms
More diverse et stringent conditions: |
* 90GeV x 107 fb x 5-10% cm? s (qq x 20,000 ILC @ 250)

* 150 GeV %WW + 250 GeV (ZH)+ 365 GeV tt&
~10%fb x 5-10**cm? s (qq x 5-10 ILC @ 250)

From Pulsed to Continuous operation

Power ~ £ .

Power = cst + convertion+RO x local rates (Pconv+Pro ~ 40% Pacq )

* {AaSlC, Power/Cooling, DAQ, Granularity, Precisions (E, t), New
ideas...

\ Status of the CEPC, October 2022 J. Guimaraes da Costa \

SHor gL o o T -
“i 1 05 :_ (q=u1,6,8,6,h) i \ :::gc
> = F .E 3 -=- CEPC-Upgrade
t10°F N 108 X Lo i
S E » rade
£ 19 3 " — ER —-cLic "
10° F e P —— 2 jok
10 :r 23 He'e =] E
E g E r
1F ; 3 |
10" é_ { : o G 1t
10_2 T Y S S SR S RN T SR S R | Fol . P |
0 1000 2000 : 3000 10° 10°
Vs [GeV] /s [Ge

vincent.souary@inzps.ir DI

HL-ILC:
- 7 x4 (6)
- Mum‘,hfs X2 7—T,.(,/,,: 1—2ms

— f,, %2 (3):5 15 Hz

Dominated by ACQ time:
P(~25uWi/ch) x 6

HL-CLIC:

-7 x2
— T 176 ns

bunches Train :

— f.,, x2:50 = 100 Hz

Dominated by Set-up &
Conversion time: P (~82uW/ch) x2

FCC-ee parameters z ww- ZH
Vs GeV 91.2 160 240
Luminosity [ IP 103 cm?s? 230 28 8.5
Bunch spacing ns 19.6 163 994
“Physics” cross section pb 35,000 10 0.2
Total cross section (Z) pb 40,000 30 10
Event rate Hz 92,000 8.4 1
"Pile up” parameter [u] 106 1,800 1 1

J Experimentally, Z pole most challenging l\

P

4
* Extremely large statistics
* Physics event rates up to 100 kHz
* Bunch spacing at 20 ns

* No pileup, no underlying event ...
+ ..well, pileup of 2x103at z polej

"Continuous” beams, no bunch
trains, no power pulsing

https://indico.cern.ch/event/1064327/contributions/4893208/
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Calorimeter Fluxes from Full Simulations

Quantities useful for self-triggering, Other quantities

low occupacy, Front-End electronics & Design + Deposited energies

« Number of hits/s per ASICs — Radiation

— Power (Energy per conversion)
HCAL

— Memory size Ring HCAL Barrel
 Distribution of Energy & Time

— Dynamic ranges

— Power per conversion

— Double hits

ECAL Barrel

HCAL
EndCap

* Data output

— Data Flux per readout partition (DAQ)

— DAQ scheme (Calo trigger to other parts ?) Efn'z'-

Vincent.Boudry@in2p3.fr DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024 18/40
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Fluxes in calorimeters

|
q g (g=u,d,s,c,b)

Vincent.Boudry@in2p3.fr

Processes: min.

bias

All

* ee — qq

* Ee - uu, tt

* ee 2 ee
(> Bhabha)

* VV

* Machine
background
(ee pairs)

Ecm> 160 GeV
* ee > WW
(Ecm=> 240 GeV)
* ee &> HZ
(Ecm=> 360 GeV)

* ee —tt

DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024

Full simulation ILD — statistics per region

Energy histogram - SIECALBarrel_M3_L0:9 Upper-Scae Energy histogram - SIECALBarrel_M1_L20:29

ssssssssss

ﬂ] Low E * 20

wwwwwwwww BTl

ot .00 004 0054 50604 .00 .00 0 0063 ‘501 Tor 562 o0 0
\ Dyfidfic range |

Time histogram - SiECalEndcap_’ T6:8_L20:29 _M1_L20:
3 Std Dev 1 £ st
i
g @ | t of secondary
2 osf-|deposits in a cell 100 events
b 15 qqH @ 240 GeV
B 0al
£ s

02

“““
aaaaaaaaaaa
Time between peaks

x £ + Machine background

— Fluxes of hits, data, per region

— Power with ASIC assumptions

19/40
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Results : Rates in Silicon ECAL Barrel,

Number of hits above 5.71e-05 GeV (MIP/4)

Central Module vs depth

SiECALBarrel all_#Nhits Modules 3

Number of Events per second

2000
1800

1600

| II|III|III

1400

1200
1000
800
600
400
200

Layers:0:9

Layers:10:19

107

10°
10°
10*
10°

10?

Layers:20:29

Mean: 7.16e+00 #hits
Std Dev: 9.59e+00 #hits
events/second: 5.27e+07

Mean: 1.82e+00 #hits
Std Dev: 8.80e+00 #hits
events/second: 5.27e+07

Mean: 6.76e-01 #hits
Std Dev: 3.63e+00 #hits
events/second: 5.27e+07

M3 all staves L0:9
Average #hits/s 302E+6 hits/s
Max 2000 hits/event
Data rate 2,11E+9 B/s
Ncells 4026 764
Occupancy/BX 1,4 E-06
Base power/W 18,2 E+03
Conversion power/W 271,4 E+00
Total power/W 18,5 E+03
% conv. 15%

Vincent.Boudry@in2p3.fr

L10:19

65E+6 hits/s
2500 hits/event
458E+6 B/s
3767273

3,3 E-07

17,1 E+03
58,9 E+00
17,1 E+03

0,3%

L20:29
8E+6 hits/s cell size
1000 hits/event
54E+6 B/s Bytes/hit
3378 036 powa (Wi/cell)
4,3 E-08 powb (J/hit)
Conv & RO E/hit/pd
15,3 E+03
6,9 E+00 At/s
15,3 E+03
0,05 %

55

7
4,5 E-03
8,7 E-10
9,0 E-01

19 E-09

DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024

Similar results for SCECAL,
SDHCAL, AHCAL

Distributions of the number of hits
crossing (MIP/4) energy threshold of all
the physics processes and machine
background at 91.2 GeV (FCC-Z4)
The z scale is the number of event/s

From the (fwnits» iN ONe region one can

extract :

* The data rate, knowing the number of
bytes per hits (here 7 as a landmark)

* The occupancy, knowing the number
of cell in the region.

* The power dissipated on elec. power
(here for SKIROC2 like chip)

Note 1 : (still) preliminary

Note 2 : Rates & Power for all M3 modules
— 8 per module, 10 per layer for 1 slab
— ~ 50 W/slab 20/40
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Number of hits above 3.96e-05 GeV (MIP/4)

Results: Rates in SIECAL EndCapS, Similar results for SCECAL,

Tower 0 vs depth

SiECalEndcap all_#Nhits Towers 0

Layers:0:9

Layers:10:19

Layers:20:29

Mean: 1.13e+01 #hits

Mean: 3.80e+00 #hits

Mean: 3.29e+00 #hits

Std Dev: 7.24e+00 #hits
events/second: 5.27e+07

Std Dev: 1.10e+01 #hits
events/second: 5.27e+07

Std Dev: 5.19e+00 #hits
events/second: 5.27e+07

TO all quadrants

Average #hits/s

Max
Data rate
Ncells

Occupancy/BX
Length/Width
Base power

Conversion power
Total power

%

conv.

572E+6 hits/s
2000 hits/event
4,00E+9 B/s
1161775
9,4E-06

515E+00

L10:19 L20:29
176E+6 hits/s  147E+6 hits/s cell size

2500 hits/event 1000 hits/event
1E+9 B/s 1E+9 B/s Bytes/hit
1161775 1161775 powa (Wicell)
2,9E-06 2,4E-06 powb (J/hit)
Conv & RO E/hit/pd
565 At

5E+03 5E+03

159E+00 132E+00

5E+03 5E+03

29 % 2,45 %
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Number of Events per second

SDHCAL, AHCAL

Distributions of the number of hits crossing
(>MIP/4) energy threshold of all the physics

er of hits above 3.96e-05 Ge

processes and machine background at
91.2GeV (FCC-Z4) with the colour bar
representing the rate of events

SiECalEndcap low_#Nhits Towers 0

3
¢ 2 9 2
~1500(~ ’!
F 1.5
= i

—2000-1500-1000-500 O 500 1000 1500 2000
X

Number of Events per second
107

10°

10°

10*

10°

10?

10

Layers:09

Layers:10:19

Layers:20:29

Mean: 1.08e+01 #hits
515 Std Dev: 5.63e+00 #hits

Mean: 3.23e+00 #hits
Std Dev: 2.73e+00 #hits

Mean: 2.75e+00 #hits
Std Dev: 2.45e+00 #hits

events/second: 5.27e+07

events/second: 5.27e+07

events/second: 5.27e+07

5E-03
870E-12
0,9
19E-9

Note 1 : (still) preliminary
Note 2 : Rates & Power for all TO modules

_ — /8 per quadrant, 10 per layer for 1 slab — 75W / slab
DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024
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Services: integration & cooling : CO; a la HGCAL ?

ASIC BGA 1mm
PCB 1.6 mm

Silicon wafers 0.75 mm + glue 0.05 mm

Kapton HV 0.5 mm + glue 0.05 mm

Tunsgsten 3 mm

+3mm of Copper/Layer

* Pipe insertion process introduces some efficiency loss due to the thermal contact resistance.

The benefit remains significant with regard to a passive cooling

= 2x cont. operation of a SLAB

Thermal static CFD analysis thermal field example using Fluent with

i e A 100W extracted and water mass flow rate of 7g/s through 1,5mm ID

Vincent.Boudry@in2p3.fr DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024
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ECAL adaptation : flat water cooling, preliminary thermal studies

Uniform solutions:

“Standart Slab”:
* 8 ASU (1440mm)z, 8192 ch / 128 ASICs
* 100 W
Passive cooling: Cu of 2mm (W, C ignored)
Adiabatic, but for heat bridge at the end

AT = 500°C on Wafer surface at t = «

© Oscar Ferreira @ LLR

Ansys

2024R1

nnnnnnnnn

Connections ? 2

“Standart Slab”:

* 8 ASU (1440mm), 8192 ch / 128 ASICs
* 128 W (1W/ASIC ~16 mW /ch)

Active cooling:
* Hollowed Cu of 4mm, with 1£/min of water @ 15°C
Adiabatic, but for heat bridge at the end

AT = 12°C on Wafer surface at t =

Vincent.Boudry@in2p3.fr DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024 23/40
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New ASIC:

DRD6 Common readout ASICs proposal [AGH, Omega, Saclay] O mega

» Develop readout ASIC family for DRD6 prototype characterization
— Inspired from CALICE SKIROC/SPIROC/HARDROC/MICROROC family
— Targeting future experiments as mentionned in ICFA document (EIC, FCC, ILC, CEPC...)
— Addressing embedded electronics and detector/electronics coexistence + joint optimization!
— Detector specific front-end but common backend
= allows common DAQ and facilitates combined testbeam

+ Start from HGCROC / HKROC : Si and SiPM
— Reduce power from 15 mW/ch to few mW/ch
Allows better granularity or LAr operation
Extend to LAr (cryogenic operation) and MCPs (PID)
Remove HL-LHC-specific digital part and provide flexible auto-triggered data payload
Several improvements foreseen in the VFE and digitization parts

» Several other ASICs R/Os also developed in DRD6 and it is good !
— FLAME/FLAXE, FATIC...
— Waveform samplers : commercial or specific (e.g. SPIDER)
— DECAL

CdLT : future chips DRDI 10 jul 23

Vincent.Boudry@in2p3.fr DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024

Low Power

Enough ?

If Timing ¢
Low occupancy

Self-trigger
Less memory

if continuous readout

Optimized dynamic
range (silicon)
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Centimetric Timing
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Timing in Calorimeters: 1 cmlc =30 ps

0.1-1 ns range

Cleaning of Events Particle ID by Time-of-Flight Ease Particle Flow with O(30) ps ?
« Complementary to dE/dx * Cleaning of late neutrons &
. back scattering (ns)
* Here with 100 ps on * O(30) ps for mips... HGCAL / 100!

10 ECAL hits
* Identify primers in showers

2 * Help against confusion
ST better separation of showers
Q v
time 3 100 * Requires ‘4D clustering’
cut é 50 |
(Ins) §., <5ns
X
. i <1ons
5
% 20 ...<50ns
& o G > 50 ns
[CLIC CDR: 1202.5940] momwben ] (9
adapted from L. Emberger K \ S. Dharani, U. Einhaus, J. List \ *EE:E Timing /
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Conclusions

SiW-ECAL technological prototypes SiW-ECAL design for HET factories
* 2022: Heterogeneous 15 layers — 2023-25: Power budget & performances
* 1 full calorimeter working [DESY22, CERN22] to be re visited
* Shower seen, Detailled simulation ready * Occupancy, power, data fluxes (on-going)
* Analysis on-going = resolutions, ... — Granularity; Passive or Active cooling
* Numerous emerging issues — new ASIC attributes
* gluing, HV filtering at high energy * 2025-27: PFA & Timing & Physics performances
* 2024 2025-26: Uniform 15 layers
* — New VFE boards —
* Cleaner PS & Clock distributions; more uniform 2025-27 : Blue—print for a SIW-ECAL detector
* Gluing being revisited for the next ee collider
* Material available. — = planning for a pilote module @ T, collider-8y -5y
* To be tested in 2025 . (T Mch, 1/60" of real detector)
— Provide reference sample for GEANT4 semi-industrial, quality, ASICs, ...

— With funding = “full” LUXE, EBES, Lohengrin ?, SHiP?
Start FE board on HKROC ?

Vincent.Boudry@in2p3.fr DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024 27/40
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Planning towards a pilot module... just in case

To-8 : production start
To17 T.-16 T.-15 T.-14 T,-13 T.12 To-11 T,-10 a

SiW-ECAL 01|02|03|04|01|02|Q3|04|01|Q2(Q3| Q4] Q1|02| 03| Q4| Q1|02 03|Q4|01|Q2| Q3| Q4|01|02|Q3| Q4|Q1| Q2| 03|Q4]|Q1|Q2| Q3|Q4| 01| 02| Q3| Q4|Q1| Q2| Q3| Q4| Q1| Q2| Q3|Q4]|Q1|Q2| Q3| Q4 To

‘ ‘ | FCCee 2045487
2.2 ilot odule h) for T M
F 51:: meh) for HF FE “Asi ASU g  AE = ﬁ Module \ prod \ CEPC 20357

I

ASICs stagin

2.2a DRDBROC ASIC Design g ILC 2040 ?
ASIC Production (16,000) 100 00 100 2 1000

ASIC Testing (Robot) j 0 10 50

PCE
PCB Design
PCEB Production (307+1,000) 10 10 300
PCB Testing (indus) e

Sensors (100+4,000)
Sensor testing
ASU Building -

Design Cradle (U/H) P

Réinstallation AutoClave -

Cradles Proto & Production (U/H) 10

Slab Assembly

12.2b DAQ

Adaptation to DRDEROCs

Extension for 5x2x15 labs

DAQ proto & production 20
12.2c Cooling & Absorbers

Cooling Assembly
|2.2d Structure

Design structure

Test de la struct existante & Simu
Instru Structure

Mesure Bragg Equipment

Material (Fibre+ W + Moulds) 602
Production Moulds & Alveolii
Assemblage

Caracterisation

12.2e Validation

Beam tests 30 Il wao

Analysis

NN | !
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Liens DRD-Master Projets / Funding

Master Projet IN2P3 SiW-ECAL = DRD6 T 1.1.1 (SiW-ECAL for HET factories)
* Continuation de CALICE dans une collaboration plus large

Prototypage & Tests

* Porteur : V. Boudry (LLR)
* +1JCLab (R. Poschl), LPNHE (D. Lacour), Omega (Ch. de la Taille), DMLab (D. Zerwas)
* Actualisation Fiche Projet & Signatures DU: 18/11/2024, > WP/D DRD6 et ANR’s ... 1¢ fond 2025
* Residu AIDAinnova (sept. 2025)
Master Projet FCC

Ftudes de physique
* Ftudes détecteur (adaptation ILD pour le FCC-ee)
* Porteur: Gregorio Bernardi (APC)
ANR T-Calo (IP2I-LLR) & ANR-DPG Calo5D (IJCLab-LLR-Mainz-DESY-KIT)

* Ftudes “théoriques” de I’apport du timing “centimétrique” dans les calorimétres
* Simlation détaillées, PFA Classique et PFA assisté au ML

* FR: PostDocs and Theses

* Porteurs: G. Grenier (IP21), R. Poschl (IJCLab)

Vincent.Boudry@in2p3.fr DI21 IN2P3 DRD | SiW-ECAL | 04/03/2024
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Postes de dépense Remargques 2026 2027 Outlook
Equipements - £ 3000€ 30000 € 30000€| 360000€ 423 000 €
DRD6 Engineering run ASICs  |IN2P3 Share 30000 € 30000€| 100000€ 160 000 €
Prototype mechanics including W absorber 100000 € 100 000 €
and cooling 2000€
PCB production 1000 € 30000€ 31000 €
New compact DAQ 20000 € 20 000 €
Silicon sensors 100 000 € 100 000 €
Dry cabinet for ASU storage 10000 € 10 000 €
Fonctionnement - £ 5500 € B500€ 8500 € - £ 22500 €
Dry gas 1500 € 1500€ 1500 € 4500 €
IT Needs (e.g. laptop) 4000€ 5000 € 5000 € 14000 €
Consumables 2000€ 2000€ 4000 €
- €
ICalcul - € - € - € - € - €
Pris en charge par le projet |Report onglet "RC" - £ - € - £ - £ - €
Missions 3200€ 33000 € 33000€ 15000 € - £ 84200 €
Missions 3200€ 15000 € 15 000 € 15000 € 48 200 €
Beam tests 18 000 € 18 000 € 36 000 €
Personnels - £ 1000 € 2000€ 2000 € - £ 5000 €
QtEEes 1000 € 2000 € 2000 € 5000 €
TOTAL 3200€ 42 500 € 73500 € 55500 €] 360000€ 534 700 €
Nom des personnes Statut 2024 2025 2026 2027 Total (FTE)] |Nom des personnes Statut 2024 2025 2026 2027 Total (FTE)
LLR 150% 320% 305% 190% 9,65
V. Boudry CRCH 90% 90% 90% 90% 3,60 J. Nanni 10% 10% 40% >0% 510
J.C. Brient DR Emeritus 15% 15% 15% 15% 0,60 O. Ferreira 10% 15% 20% 20% 0,65
H. Videau DR Emeritus 15% 15% 15% oas| peae e e[ 1,40
Postdoc Calo5D cop 15% 100% 100% 85% 3,00 D. Breton IRHC 10% 10% 0,20
Postdoc T-Calo ) 15% 100% 85% 2,00 aieail e A5 2 U
ICLab 95% 270% 270% 145% 7,80 | Jieslot e 20% 20% 02y
R = e I I B QI [~ = s S S S T
Postdoc Calo5D CDP 100% 100% 2,00 C. de la Taille IRCH 30% 30% 30% 30% 1,20
Xin Xia [Thésarde 25% 100% 100% 75% 3,00 D. Thienpont IR 30% 30% 30% 30% 1,20
AIESE . L Sl 0 i 0,60 F. Duclucq IR 20% 20% 20% 20% 0,80
D. Zerwas DR 1 (Directeur) 10% 30% 10% 10% 0,60 L. Raux 20% 20% 20% 20% 0,80
D. Lacour DR 1 10% 10% 10% 10% 0,40
TOTAL (FTE) 2,65 6,30 5,95 3,55 18,45

Vincent.Boudry@in2p3.fr
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Back-up
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Physics:

* QED in High Fields:
etny=ey, y+ny—ee
* Schwinger’s limit

* BSM: Axions Like Pseudo Scalar, ...

Beams:

* XFEL beam 10 Hz, 1.6:10° e7, Ec. < 17.5 GeV

* Laser:40-350TW, 30fs, 1 Hz

. - 1510 W
cm

* >2025 at DESY/XFEL
ECAL’s:
* 5x5 mm?2 cells, 20 Xo, 122 layers, 20 %/~NE
* Si+W or GaAs+W — FCAL and/or CALICE
Q? Optimal sampling for Ee < 17.5 GeV ?

> Hit counting, shower separations

y dump —

Backscattering calorimeter
Shielding ’

v-laser setup
(Not in scale)

Scint. screen

y-converter & Profiler Dipole magnet 3

et calorimeter

e pixel tracke;/

Laser pulse

1‘ detector (TBD)

ixel tracker

Dipole magnet A
CALICE SiW-ECAL

Photon beam

(Bremsstrahlung Y’S)Q 1P 2—-3 x 18%x18 cm?
% ’ ~
¢~ dump Shiclding

Dipole magnet 1 (@Y

# Scint. screen & Cherenkov counter(yz monitor)
y-converter
Electron beam from XFEL

Overlap of showers -
Az, 2)=»Small Ry™

0

y [mm]

.............
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Processes to Fluxes

Machine Config

Ecwm, Lint, fbunch

\ 4
Whizard Histo
[Process 1]—» Pythia\ Stﬂe"t g:ﬂ L,\CI:II:O | gram
B o / ! 1 ming
®
® foin,i = Nbin X Lint 07 / NF;
o
y
| Whizard Histo ™
Process i J—» Pythia\ g:ﬂ L’EIIII:O | gram j
- (o] ! ming s
Scaling

e - ntegrating
. . \ . Histo
Machine Guinea pairs Full LCIO ram
Background Plg Ns Sim NFg ?ning

foin,8 = Nbin X founch / NFg

ki
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Number of Events

System Low Energy & #hit responses

raw energies (no digitization yet

SDHCAL

Energy histogram - RPCHCalBarrel_L0:15

AHCAL

Energy histogram - ScHcalBarrel_L0:15

Sc ECAL

Energy histogram - ScECALBarreI_M-S_L10:19

[ —— 10° ‘ScHcalBaral L0-15_lower_scole [T —
500 Entries 23943 | 2 E Enties 308135 | = E Entries 69975
E Mean  8071e-07 | 2 200 Mean  5217e-05| 2 30000[ Mean 00001578
450,_ Std Dev  5.046e-07 J‘,J Std Dev  0.0001505 H Std Dev  0.0002356
E 5 180l . 5
= g i H
0o E 160 i 2 25000
£ 5 1 3 5
C Z 1 ; z2
350 — 1401 1
E ! r 20000
a0 1208 ! L i
= 1 1 1 1
= H 100} i i 15000
250 1 1 wE \\_\7 :
| 80~ H R G
(el “
200 H H i ] 10000[
E i 60 i U b |
= 1 ] 00001 00002 0003 00004 005 0.0008 09007 NMELWWGQGV]W‘
150— | 40 ! e
E ! i ! 5000
F 1 1 i
100 i ¢ ' K
-"‘|."‘\"‘\..‘mum..mu\u.l‘umux10‘ oLwt L I Y U B obity N P N
0 B0 -3007 6,000 5 0004 03008 U008 5,000 5,600 63035 3,001 0 0.00010.0002 0.0003 0.0004 0.0005 0.0006 0.0007 0.0008 0.0009_0.001
Energy [GeV] Energy [GeV] Energy [GeV]
Number-of-hits histogram - RPCHCalBarrel_L0:15 Number-of-hits histogram - ScHcalBarrel_L0:15 Number-of-hits histogram - SCECALBarrel_M3_L10:19
n = SECHCPRARI 10 ‘ScHcalBarrel_L0:15_ghits ‘SCECALBarre M3_L10:19_this
5 5 Entries  100) 2 [ " Enties  100| £ 4of_ Enties 100
N Mean 3029\ @ "L Mean 33| ¢ Mean 286
5 L SdDev  1622) .1 | StdDev  1558| StdDev 2304
g = L o
£ 4 £ 4 £ o
51 E T+ 5
z r z z
3t Py 6l
2 2t 4
1 1 o
ol e T “"“"“ CA L PRI I 111 P le _.“leﬂw Hlﬂmﬂl
0 200 400 600 80 % 200 400 eoo 800 % 200 400 600 800 1000

Number of hits above [Se 07] GeV
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Number of hits above [0. 0003] GeV

Number of hits above [0.0002] GeV
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Number of Events

2000
1800
1600
1400
1200
1000

80

=3

60

=3

40

=3

20

=3

o

Si ECAL

SECALBaroL L1079 lower sl

Entries
Mean

41796
0.0002799

Std Dev 0.0002287

Number of Events
>

S

Ly
8 0.0009 0.001

Number-of-hits histogram - SIEECALBarre|_M5_L10:19

SECALBae M5 L1019_shis
Entries 100
Mean 123
Std Dev 1413

PWH HIJ]HHHHH P

800
Number of hits above [0.! 0001] GeV
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Detector optimization for Higgs Factories

Low energy (90 GeV) One size fit all ?
* Lower energy — less focused jets * Have a dynamic granularity ?
» Lower granularity needed (1-2 cm OK?)
] q _ ) e D
* Lower dynamic range ¢ X
... but not so for the rest > ~250 GeV) I D
: -
Reduce the number of layers + thicker sensors e T
* Have a semi-digital readout ¢ D

e See “Small ILD” model

* 6”x500pum wafers
— 8" x 725 um ( resolution 1/5Vd )

» Hit counting for low energy

* E measurement for high energies
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Going from 30 to 26 Layers & 500 —725 pm : performances

25.

71 0(1GeV) in % & Linearity

° I 5, —u— 45GeV
Gomg from 30 to 26 Iayers ,o. I\ Impact of the silicon thickness on uj B iyt
. . . " 1 “the resolution SRl T
* Reduction of cost; increase of Energy resolution L ey, e
15. ] T ey
° E - —
keep 24X, (84mm) of Tungsten | 22%/ /1 + th. 4:
Increasing the Si thickness to 725um .t Henri 2 +—
* GRwidth » = go to 8" wafers, new design 5. the resolution goes like 3
. where th. is the Si thickness
Energy resolution o(E)/E: in hundreds of microns N L

28 30
0. 2. 4. 6. B 110 12 Number of Layers
* for 26 layers w.r.t. 30: » +8.5% - y
) Si thickness /10011IM
* with 725pum w.r.t 500pm : % -6.6% , T TTT i e 250
(-8.7% wrt to DBD 300pm) near compensation 0 | =54
Time Resolution ? . 27
* Noise ~ Cget ~ Width?/th, %m I
Signal ~th » = S/N ~ th? ~ x1.5? 5 150

100 b

Improved timing perf (esp. for mips)

50 ¢

10 MIPE, o
harge magnitude (fC)
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Time measurement in Silico

20

ihAambda Example: d = 300um, ydep =58V, V=1.2 y\dep =68V | ith
| $cales wi
os} d, = 330um, 7, = 5.6ns, 7, = 16.8ns 15} CD

n

 Eectrons 1.0 o ° ® ©®<C.0.g. time resolution
_ o o
| . 'Yandau Fluctuations
tpeak/ Transit
0.1 ’ | | | | | | tpﬂ_
0.0 0.5 1.0 1:5 2.0 2.5 3.0
] " Landau Fluctuations ® Noise
k 4 lM"bnlx-’Al model lasmon.p
o Pho{())Absorptlon Ionlzatlon (PAI)

1/ (~Landai optimal thickness

== f sensors (T « thickness) to be determined

S.Riegler

I L I I L L L
1 5 10 50 100 500 1000
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Time measurement methods

ToA: TDC + ADC CFD : TDC + Gating

/ . - |
; . \
/ p N
/ v
/ \
v v
/
/ A \
/ T
g \
- \

o Validvalid cpp

0 t

Slew time (vs amplitude
| ’ ) Time ~ cst (vs pedestal, noise)

Shaping : ADC x n

Time fit (vs shaping)
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FEV’s : 15 years of R&D

Most complex element: [ E = = =T

electrical-mechanical integration 15t ASIC proto 2007 SK1onFEV4  36¢h,5SCA  proto, < 2000 mips
— Powering, Distrib / Collect signals from ASICs, Haslle 200 e, Yoz STz
Analog & Dlgltal with dyﬂ range > 7500 1t PCB proto 2010 FEV7 8 SK2 COB
. o SR . -
Single End operation = Chaining for 8-10 boards kg PeEl 2ot Fve 2160§4K%:h) CIP (QGFP)

— Mechanical placer & holder for Wafers

— < 50um lateral precision, flatness B SIN <~ 14 (H Gain),

) =2UH . P o :n'é"{?rk'”g ASU 5012 FEVS ?Zggfh;eadwt no Power Pulsing

— Thickness constraints = Calorimeter Compactness retriggers 50-75%
18t run in PP 2013 FEV8-CIP BGA, Power Pulsing

180mm

4 units on test

A ] M S/N ~ 17-18 (H Gain)
GND HV surface o 15t full ASU 2015 FEV10 board . - o
o b i S oo, 1024 channel retrigger ~ 50%
9' 11 13 15 2 C2 DVDD/ Gl ane_
! " 1,16 chips? o e B 15t SLABs 2016  FEV11 10 units Noise issues
!/ 4 c4 Gzney;ne _ ~
ok s e mmncee: pre-calo 2017  FEV 11 7 units S . 20 (12),
I 8 6 10 M12 - 14 . Emelec;m I 6-8 % masked
180mm | DAQor Nt by | )
N Rrevdous hoare —— 7 €7 5 N conductor = 1t technological FEV11, 12 13 SK.Z & SK2a Improved S/N
siotoctric [ ECAL 2018 Compact Calo  (otiming) Timing enabling
C:IP CF[!)IP C:IP C:IP 8 C8 AVDD Plane _ Long Slab 8 ASUS
1 3 5 ; Ve
H L il I 18t working COB, 2x1/4 ASUs .
PARTITION 0 ! j :jD E\l/:Dt ceo new DAQ 201 9 FEV‘COB Cont power Technlcal
L e — s . H.Gain,
I tech ECAL 20-22  5types FEV’s Cont. P 320, 500, 650 ym
\ I 1 — L ont. Fower
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Going from 30 to 26 Layers: performances

25.

71 0(1GeV) in % & Linearity

Impact of the silicon thickness on
he resolution

; —a— 45 GeV
T —+—100 GeV
7]

E

Going from 30 to 26 layers

20. ——180 GeV

E45 — 250 GeV

* Reduction of cost; increase of Energy resolution

15.

* keep 24X, (84mm) of Tungsten 22%//T+ th,

Increasing the Si thickness to 725um to.

the resolution goes like -
where th. is the Si thickness
in hundreds of microns

* GR width # = go to 8" wafers, new design .

Energy resolution o(E)/E:

28 30
0. 2. 4. 6 . 8- 10. 12. Number of Layers

* for 26 layers w.r.t. 30: » +8.5Mo o )
* with 725um w.r.t 500um : = -6.69§8" compensation Si thickness /100y Ca—

(-8.7% wrt to DBD 300um)

122.64

Study needed on dead zones (larger GR...), separation, ﬁ
resolution and efficiency performances at low energy. o5y

* eg: JER: a(E )/E, +6% for 26 layers (500 um) to be redone...
Shown @ 6" ILD Optim meeting (16/07/2014) [link] 1212 7]

146.87
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