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Ultra-Granular Calorimeters for Higgs factories:

ILD, SiD, CLIC-dp, CEPC-baseline, FCC

Highly-Granular Calorimeters:
— ECAL @ R = 150-180 cm, |Z|= 200 cm, Thickness~25 cm

* cell size = 0.5 -4 cm square (Si) or strip (Sc)
e 25-50 Layers
* 8-70M cells

— HCAL @ ECAL +3 cm, Thickness ~ 150 cm

* Cell size =1 -3 cm, Gas (GRPC) or Sc
ar\'e\ ~ CAL.‘ | PFA Calorimeter I rechrol. Protor
echnol. Prototypes
ECAL (to be) tested in beam

Endcap1

Particle Flow optimised calorimetry

— Standard requirements
* Hermeticity, Resolution, Uniformity & Stability (£, (6,¢), t)

— Particle Flow requirements:

* Extremely high granularity

* Compactness (density) Silicon | )

‘ SIW-ECAL H Sc-ECAL ‘ ‘ AHCAL ‘ ‘ SDHCAL ‘
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Electronics & DAQ

Qmega ASICs:

— A set of ASICs adapted for all CALICE large scale
prototypes
* Gradual improvement
* Purely digital DAQ

— adapted to ILC conditions
* low power consumption using power-pulsing (~1%)
* low noise pre-amp, dual gain 12-bits ADC, ns TDC
+ self-trigger with local storage, delayed digitization and read-out

* high integration (36—64 channels), daisy chaining config and
readout

R&D:

— will required update for final ILC integration: ~3+ years of dev

» full zero-suppression, 12C bus, new technology
* Improvement of Timing ? Learning from CMS-HGCAL ASIC
— new scheme for circular colliders (power, readout)
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Technical requirement on prototypes:

— Integration in cassettes 150 — 300 cm long
» 12k — 27k cells (200-500 ASICs), power pulsed
 sensitivity to mip signal (tracking)
 uniformity, stability, linearity
— Reproducibility
* Typically ~20-50 layers

— will be ~ 10% in final design

DAQ:

— Low power,
Small size interfaces

* ECAL-HCAL =3 cm,
HCAL—Coil or Barrel-Endcap ~ 5-6 cm

— Single side readout
Pulsed Powering in 3-4T field...

— Passive cooling
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Validation of prototypes: common goals

Scientific goals: < many already achieved with physical prototypes
(see next presentation from W. Ootani)

— Energy & Time measurements:

 Linearity & Resolution to single e,  in 1-200 GeV (= input to jet simulations for PFA)
» Saturation effects
— 5D Shower profiles

— Particle Flow Algorithm (PFA) tests : shower separation, reconstruction, identification
Technical goals:

— Operation of scalable design with power-pulsing
— Low-Energy Calibration with muons (mips) position scans, [High Energy: e, 1T]

» Signal-to-noise of trigger (limited memories)
« Uniformity: Efficiency, Mean response (Light Yield, Mip Peak, Multiplicity)
 Input for realistic digitization models = input to simulation: prototype and Particle Flow
— Scientific goals (again): improved granularity, design, etc...
— Running as close as possible to ILC mode (200 ns BC), relaxed mode for practical reasons (typ. 4 us BC)
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Silicon-Tungsten ECAL

Prototypes for the ILD/ILC 16 SK2 ASICs

1024 channels -

— cells of ~5x5 mm2, ASU
density = 2.6k—3k cell/dm3

— Qmega’s Skiroc2/2a, 64 ch ASICs
— 25 pW/ch with 1% Power Cycle

Adapter board
(SMB)

“equipped

with 4 Si- [

Carbon+W U layout of a short slab

wafers

Technological prototype
— “Physical prototype” (2005-11): 10k cells, p =1.5k cell/dm3
— SIN = MPV,,,, [ Oygise = 10
— Stacks with 15+7 layers of 1024 ch

(15360 cells in a single readout)

. mix of PCB versions (v10, 11, 12, 13),
® packaged and on-board ASIC’s

® 320, 500, 650 um Silicon wafers
* New Integrated DAQ, {
1st prototype toward ILD-like (<3cm)

256 P-I-N diodes
0.25 cm? each

10t

-B0 60 -40 -20 o 20 40 &0 a0
®
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Silicon-Tungsten ECAL: Developments

Improvement in design B I__’.]

CERN 2015 “naked FEV11” (320 um) -y = [z Long Slab
SiNyoc ~ 16-17 AR, ~ 8 ASU’s with
Ring X-talk / 10 wrt Phys. Proto. A PRRE W Pl baby wafers (2x2cm2)

CERN 2017: 7 FEV11 (320 pm)
S/N,pe ~ 203+ 1.5

Fit with Mod LanGau function °

8% masking, 1T operation Plat from doutie : | i s
s o B =
DESY 2018: 7 FEV11 + 1 FEV13 (650um) i [| et
E Bk e
S/Nppc ~ 30.3 — 40; T Thoohod | = I &

>
E

e -

S/Ntgic ~ 11.6£0.7 = Cut ~ 1/3 mip @ 40 .
CERN 2018: 6 FEV11 + 4 FEV13 + 24 X, W =

.'
| \LanGmssQMlPs i
)

I:i
]

ol s el + Readout works on 8 ASUs

05, “
i = with HV decoupling

= o e o
modL(z, o) = (1 —c) # Liz, o) +cx [~ —'I'I_f"'df
modLG = [ modL{l, o) Gla — 1 g, o !

Zharyoenter_vs_mhits

180 —
hits
i

R&D Highly Resistive Silicon Diodes:

— Ref = Hamamatsu “Guard-Ring-less” design
Ready for physical beam test — 6” Towards 8” (a la CMS-HGCAL) x 725pm ?
March 2020 t = Nov 2020 + 2021 2 = cost, design, perf.
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Scintillator-Tungsten ECAL

Prototypes for the ILD/ILC & CEPC

EBU

Baseline SiPM
Hamamatsu S12571-010P
* size: Imm x 1mm
* pitch: 10um
* number of pixels: 10K

— Qmega’s Spiroc2e, 36 ch ASICs

35mm Single SiPM readout by Chinese Group

— 25 pWi/ch with 1% Power Cycle
” o SEEESE=SEESE SRR
— cells of ~5x45 mm?2, p = 450 cell/dm?3 .
_ 4 sommDouble, SiPM readout by Japanese Group
Technological prototype | § § f§ i § x 2
“Physical prototypes” (2005-11, 2013-15) 225 mm

— Stack with 32 layers ready
* aging test made (48h @ 50°C)
* being assembled

HBU'’s + DIF’s

<6 mm (DIF excl.) -
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ScECAL: commissioning

Sr90 Source . -

s 10um
— 25 ns shaping / \ SiPM
auto-trig 0 S

Landau ® Gauss T T e

zzzzzz

Cosmlcs test

Beam tests

— DESY beginning of 2021 ...
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R&D:
— Scintillator — SiPM coupling

— non-uniformity = o(E) #
» SiPM position

30 e = ; = 30 = | 30 5 |

.5 | Side-end coupling .| Bottom-end coupling ,,| Bottom-center coupling f
Gl a ™R o |
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Scintillator AHCAL R ..i:j-

For ILC and CMS

— ILC with Qmega SPIROC2e
HL-LHC will be Qmega HGROCV3
— 3%x3 cm?, density ~ 55 cells / dm3

SR,

B tail

catcher

¢ main stack

Technological prototype = 2017

Physics prototype ~ 2006-11 (3%x3 + 6x6 + 12x12 tiles)

— Uniform 3x3 cm? tiles (moulded) Online corrections: B Y 756 cels
read by SiPM mounted on PCB on SiPM’s: J | %> 16ASICs

— 38 layers of 0,7%x0,7 m2, 22k cells

« + additional layers of 6x6 cm?2
— 2018: Stand alone tests and with CMS HGCAL

= EM Lin & Resol.
+ Gain (Temperature, HV) ..

_ » Statistical saturation for M
« 4\ of stainless steel (1.7 cm x38) Enie 2 100 mips (N, ~ N;,) |
— Combined beam test with ECALs when ready _ corrected for E<350 mips ,mf_'

- Stand-alone with full W structure
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AHCAL analysis

New: Hit time correlation High Level Analyses:
— Time profile from muons — Shower profiles & PFA tests (=2011)
« SPIROC : double analog ramp — ADC — Shower start, PID, f eurons (tiMme)
» with clocks
— at 250kHz (beam test mode) : ¢ ~ 2.6 ns 5,0'__'& = =
— 5 MHz (ILC mode): 6 ~ 1.6 ns ~ § Hintat A,
0.150F Mean: -0.48 CALICE AHCAL* 0.25 ' ' TR wb
§ 0125 StdDev: 2.57 PO I PRGN g 020 s’:‘:ggv:o 1?;? iitfi::;::s = E 2
EU.IOO %0.15 : 1 “'1,
£ o0.075} 3 “E
"EO.D50- Eﬂ'm 7| aro = F B T — oy
ojooo ; ; : . 0.00 [ ”m
e _mHittinEe [ns] 20 0 N ‘ZOHittin?e [ns] = o ﬂl"”l!’!‘,

— Goal: 1 nsin ILC mode
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AHCAL developments i e [P &

x=0 mm, y=0 mm
s T— — {3
B 1 "
. 4 o
! t

“MegaTiles” R&D: R&D
— Single Scintillator tile with trenches of 3x3 cm? — Scintillators optimisation
— 2019 Beam test: S [ [~ [ 1| ab « Measurements = Realistic Simulation i\ M
W Cooooe . _ r \
« Light Yield, Mip resp o \5§§EE===== — SiPM/MPPC evaluations

Optical Cross-talk
» Larger Cross-Talk than

— ADC consumption (KLAUS Chip)

in cosmics (mechanics -l
( ) pone e | Long Layer
Light Yield & Cross-talk for 2 # Sets of Mega-Tiles — 2%6 HBU’s OK in lab...
i + Goals:
- — 3x6 HBU's (ILD)
» ... In a test structure (absorbers

=

: : CMS HGCAL: Twinax Cable
' § - ' | = =
s : B — 1st PCB test | A =

50 wo 1= A0

Defects understood; best of both in next beam test (August)
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SDHCAL: Semi-Digital Gaseous HCAL

.| 70 GeV pion

e [ ) | [SE

Technological prototype = 2011

— Single and multi-gap thin GRPC’s

— Cells of 1x1 cm?, p = 380 cells/dm?3 ;i . ﬁk*
~ Omega HARDROC?2 : I
— 48 layers of 1x1 m2, 460k cells, 6], (2 cm Stainless steel) | - E —aB1+BB2+yB3: B = Neighbours> th.
Dens ’ i = .
- - - - E — N N1 + N N2+ N N3 Sl. T - e T e — F—
Semi-Digital calorimetry: 3 thresholds wa™ 0 M) N1 B VNN R e TR e
— Uniformity: efficiency & multiplicity g = G \
03f- _; \ AL .\\\
— Threshold optimisations (typ. 1/2 mips, ~5, ~15 mips)  §= “*™= . Ry
. . § ¥ _______________________._-———-’—""f_ L i, S : :‘ . t B Ll e ¥
« and calibration by scans 3 i Mc 1 sPsH22015
— Energy measurement: P CEPRREEE Pty
« Linearity & Resolution to single e, m, p P o PG e i il ot
« Simulation: complex digitization i - - ———
— Large number of overlapping effects £ s |_ - |/\ ' ;
in avalanches / readout / time LI r s —_—
— Now, reasonable < 40 GeV e, 1t 0 it R
o 1 See CHEF'2019 for details
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SDHCAL developments

.speed map _

Large cassettes: 1x1 m? — 3x1 m2: |imms
— 432 ASICs HardRoc3:

12C, full zero-suppression, : _

dynamic range x3 (15 - 50pC) . Scalable

gas distribution
Main goals:- | | N— . =ALJH jﬁle:JHmd Iﬂ% ‘
— Sensors: Large uniform GRPC’s 1 Ho00
_ Large & flat PCBs: 32x96 cm? : (e I ooag 2
- glued on single GRPC chamber I o | — ARHA
* interconnections (in 3T field) I ]
— Mechanical assembly Sensitve - I - ‘

cassette

(absorbers) HR3 chips (48on each ASU)

« Electron
Beam
Welding

Timing:
Qmega PETIROC ASIC (20 ps) jitter & Multi-gap GRPC
(60 ps)
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Take Home

New version of full technological prototypes CALICE: 15 years of R&D

getting ready for large BT campaign — have allowed some projects to get a boost

= Large knowledge base from previous .
prototypes & campaigns CMS HGCAL, Atlas HGTD

within ILC timeline (< 5 years of R&D)
Wealth of information, partly explored:

— Collaborative approach to realise and compare
various ideas & solutions

» Sharing of information & expertise
— Digital calorimetry — BT knowledge, DAQ, Simulation & Analysis Tools,

— in-shower software compensations
« Started as ILC (as in calLCe)

L _ — no more directly experiment related
— Timing in Calorimeters Higgs factories, and beyond (FOCAL, CMS-

Ideal ground for new analysis techniques HGCAL)
(Multivariate Analyse, Al) — New Topics: timing in calorimeters, Dual Readout, ...

* Session @ Collab meeting for Outreach.

— new particle ID variables

Many “small scale” R&D

= Model of needed precision (Mechanics, Physics) Vibrant and open community...
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Extras
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Scint-ECAL tile wrapping

Reflector wrapping (90mm strip)

Wrapping by hand with a help of jig Sc-ECAL (reminder)

Scintillator Electromagnetic CALorimeter (Sc-ECAL)

Technology option of EM calorimeter for ILD
Based on scintillator strips readout by SiPM
5 x 45 x 2 mm scintillator strip

Virtual segmentation : 5mm x 5mm with strips in x-y
configuration

- Timing resolution < 1 ns

Low cost
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Time calibration (HW)

Time measurement with Spiroc2E: TD
(time to digital converter)

1. Common external clock with ~1ns bins bxID

Bunch
2. Ramp up voltage during one bunch R s

Crossing ID Ramp 1 / R / e /

.‘___'.'.""“""'"""""":::_‘_‘.‘-‘ """"""""""""
Ramp 2 "/- \ ",,-' \ -'.-_.
Y e emmememmsmemm——am—————— 2 e immmemmmemem————— e llaaaa.

Combined

Lorenz Emberger (MPI. Munich)
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SKIROC2 / 2A Analogue core

2018 | tested e

12 bit-ADC Ramp Similar to SiD Kpix

Ch63.-"" 10LD READ -
i Pt e * 64 channels

! th=15
oo P e * Preamp

==

Ty

.
E>S’OW Sh. (:I‘I 0 <o > s + 2 (auto)Gains
R;ad 1 or 1OM  RIk Gl | *[” 3 : REAI b’_b + TDC (""1 _4nS)

ANV | - : .

o s \ V > T D—*— 2L 1 “ . * Auto-triggered
; i GAIN | ;E‘@é”’”s : ssh_G1, * per cell adj.
E 0018006 T op, 3.2pF Bk | out_ssh_G1 .ssh._(;.l'll
| | S - i : 7 kbt B conversion *15 (XZ)_ analogue
. npal| PV Sh. 1% ey > R Lol AN memories
i PAC RI=22k  Cl-8pF - v - .
E ) | | ‘ili D ; Gain_selection ° LOW Consumpt|0n
| ,_‘ I i>— Vih_gs . 25 puWich
| - i | Lﬂepfhﬂs with 0.5% ILC-like
: FOOE, 2000 3000 or 40IHF | duty CyC|e
| | — | TDC on ?

in calib (slow control) ° POWGF-pUISed
-:p-; ;p- :n o -: pF _> ‘ Auto Gain ?

HOLD
) Forced Gain 7
vrel _fy 8-bit Delay Box: | (slow control)
i 100ns to 300ns
F ‘h[ rgaer Sel FlagTDCb Ext ?,
J_L Forced FlagTDCb 7|

4-bit DAC (slow control)
adjustment -

Not final chip

full O- r.
= FLAG_TDC (full O-suppr.)
10-bit DAC (from Digital ASIC) 15/ 15

10-bit DAC
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