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SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

PRESHOWER
Silicon strips ~16 m2 ~137,000 channels

SILICON T"CKERS

MUON CHAMBERS
Barrel: 250 Dri# Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

FORWARD CALORIMETER
Steel + Quartz $bres ~2,000 Channels

STEEL RETURN YOKE
12,500 tonnes

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

CRYSTAL 
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO4 crystals

Total weight
Overall diameter
Overall length
Magnetic $eld

: 14,000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

CMS DETECTOR

Pixel (100x150 μm2) ~1.9 m2 ~124M channels
Microstrips (80–180 μm) ~200 m2 ~9.6M channels

CMS
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Why	Upgrade
•The	replacement	of	CMS	Endcap	calorimeters	is	required	due	to	radiation-
induced	effects.		

•The	relative	responses	of	crystals	in	EE	and	also	HE	are	low	during	the	HL-
LHC	period.	

•The	resolution	of	EE	will	worsen	to	the	O(10%)	

•Better	angular	and	lateral	resolution,	plus	fast	timing->	 a	futuristic	detector
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HGCAL	Overview
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Key Parameters (updated from the TDR): 
• HGCAL covers 1.5 < η < 3.0 
• Full system maintained at -30oC 
• ~640 m2 of silicon sensors  
• ~370 m2 of scintillators  
• 6.1M Si channels, 0.5 or 1.1 cm2 cell size  (6M) 

240k scint-tile channels (η−φ)   
• Data readout from all layers 
• Trigger readout from alternate layers in CE-E and 

all in CE-H 
• ~31000 Si modules (incl. spares)   

Active Elements: 
• Si sensors (full and partial hexagons) in CE-E and 

high-radiation region of CE-H.  
• SiPM-on-Scintillating tiles in low-radiation region 

of CE-H 

Electromagnetic calorimeter (CE-E): Si, Cu/CuW/
Pb absorbers, 28 layers, 25.5 X0 & ~1.7λ 
Hadronic calorimeter (CE-H): Si & scintillator, 
steel absorbers, 22 layers, ~9.5λ (including CE-E)

r = 0.28 m

r 
= 

2.
62

 m

2 m

η = 3

η = 1.5

mass ∼ 200 T  
each endcap
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Radiation Levels and Technology Choices
Driving Layout and Granularity

Active Elements: 
Hexagonal modules based on Si sensors 
in CE-E and high-radiation regions of CE-H 
"Cassettes”: multiple modules mounted on 
cooling plates with electronics and absorbers 
Scintillating tiles with SiPM readout in 
low-radiation regions of CE-H 
Key Parameters: 
~215 tonnes per endcap, full system at -30oC 
~620m2 Si sensors in ~30000 modules 
~6M Si channels, 0.5 or 1cm2 cell size 
~400m2 of scintillators in ~4000 boards 
~240k scint. channels, 4-30cm2 cell size 
Power at end of HL-LHC:  
~125 kW per endcap, transferred via front-end 
DCDC. Two phase CO2 cooling

Silicon

CE-E CE-H

1.2. Requirements for the HGCAL upgrade 13

Figure 1.2: Fluence, parameterized as a fluence of 1 MeV equivalent neutrons, accumulated in
HGCAL after an integrated luminosity of3000 fb�1, simulated using the FLUKA program, and
shown as a two-dimensional map in the radial and longitudinal coordinates, r and z.

1.2 Requirements for the HGCAL upgrade
Preserving good performance over the full lifetime will require good (at the level of a few
percent) inter-cell calibration. Adequate calibration accuracy can best be achieved if minimum-
ionizing particles (MIPs) can be cleanly detected in each cell. This requires a good signal-to-
noise ratio (S/N) for MIPs after3000 fb�1, necessitating the use of low-capacitance silicon cells,
of a small size (⇡0.5–1 cm2), and scintillator cells of a small enough size for high light collection
efficiency and S/N, resulting in a high lateral granularity. Fine longitudinal sampling is needed
to provide good energy resolution, especially when using thin active layers (100–300 µm thick
Si sensors). The fine lateral and longitudinal granularity leads to a high cell count. The main
requirements for the HGCAL upgrade can be summarized as follows:

• radiation tolerance: fully preserve the energy resolution after3000 fb�1, requiring good
inter-cell calibration (⇡3%) using minimum-ionizing particles,

• dense calorimeter: to preserve lateral compactness of showers,
• fine lateral granularity: for low energy equivalent of electronics noise so as to give a

high enough S/N to allow MIP calibration, to help with two shower separation and
the observation of narrow jets, as well as limiting the region used for energy mea-
surement to minimize the inclusion of energy from particles originating in pileup
interactions,

• fine longitudinal granularity: enabling fine sampling of the longitudinal development
of showers, providing good electromagnetic energy resolution (e.g. for H ! gg),
pattern recognition, and discrimination against pileup,

• precision measurement of the time of high energy showers: to obtain precise timing from
each cell with a significant amount of deposited energy, aiding rejection of energy
from pileup, and the identification of the vertex of the triggering interaction,

• ability to contribute to the level-1 trigger decision.

ScintillatorElectromagn. calorimeter (CE-E):  
Si, Cu & CuW & Pb absorbers, 
28 layers, 25 X0 & ~1.3λ 
Hadronic calorimeter (CE-H):  
Si & scintillator, steel absorbers, 
22 layers, ~8.5λ

Fluence up to 
1e16 n/cm2  
Dose up to  
200 Mrad
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Silicon	module
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28 Chapter 2. Active elements

Tracker and HGCAL types. So far these have been based on a silicon-on-silicon process with
Si-to-Si wafer bonding. As compared to the standard process for the sensor production this has
the advantage of enabling sensor production of varying active thickness in a transparent way.
As part of their ongoing process optimization, Novati is also working towards mitigating any
possible cost implications related to the additional steps required by this technique, in order to
ensure a cost-effective solution.

2.2 Silicon modules
The HGCAL requires approximately 27 000 silicon detector modules to be assembled and in-
stalled in its electromagnetic (CE-E) section and part of the hadron (CE-H) section. A CE-E
module is a stack of components, as shown in Fig. 2.6: (i) baseplate, (ii) Kapton-gold sheet, (iii)
silicon sensor, and (iv) the printed circuit board (PCB), labeled the hexaboard, with front-end
electronics. All of these components have roughly the same area as the sensor.

Figure 2.6: CE-E silicon module, showing stacked layers.

A study of mechanical mockups of 8” modules demonstrates that the module is pressed onto
the cooling surface by the differential cooling of the differing material layers, improving ther-
mal contact. Calculated stresses on the module were found to be three orders of magnitude
below the point at which breakage would occur.

We have been using 6” modules (i.e. modules produced using sensors manufactured on 6”
wafers) for prototyping and for measurements in test beams. Figure 2.7 shows a completed 6”
module.

The baseplate has precise reference holes for precision assembly and placement onto the cas-
settes. For the CE-E the baseplate material is a sintered WCu metal matrix composite. The
copper provides excellent thermal conductivity (TC), the tungsten reduces the coefficient of
thermal expansion (CTE) to align it more closely with that of the silicon, and together they
form a short radiation-length material that is a significant component of the CE-E absorber. For
the CE-H modules, the baseplate material is high-TC carbon fibre. It serves similar purposes
except that it does not contribute significantly to the CE-H absorber material.

The WCu baseplates are specified to have uniform thickness of 1.40±0.03 mm, with faces that
are flat to within ±50 µm.

expected, for the remaining 80% of the hexaboards. For most of the channels, the total noise was173

below 5 ADC counts for the high gain3 and below 2 ADC counts for the low gain.174

Pedestal data were also acquired after modules were assembled. Figure 12 shows maps of175

pedestal (left) and noise (right) values for the high-gain ADC of a prototype module. The typical176

values of the noise were found to be between 8 to 20 ADC counts in high gain, larger than the noise177

of bare hexaboards, due to the silicon capacitance and, possibly, external pickup. The details of the178

noise studies are discussed in Section 4.2.179
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Figure 12: Example maps of pedestal (left) and noise (right) values for the high-gain shaper of a
prototype module. One of the two calibration cells and one of the two mousebitten silicon cells, in
each corner, are not connected to a front-end ASIC channel. These channels are shown in white.

One channel, shown in red on the right plot of Figure 12, was found to be extremely noisy180

(>100 ADC counts for the high gain) in all modules. This was the channel connected to the silicon181

cell located below the µHDMI connector. This large noise was likely caused by the digital signals182

through nearby vias of the PCB. This channel was masked in all prototype modules during the beam183

test operation.184

3 Final beam test setup185

For the October 2018 beam test, the calorimeter prototype was installed in the CERN SPS H2186

beam line on a concrete platform. The prototype comprised a stack of 28 layers of single modules187

mounted on copper cooling plates for the electromagnetic section. Downstream, there was the188

CE-H prototype with 9 layers of 7 neighboring modules and 3 layers of one module. The CE-E189

prototype had about 3500 channels and CE-H prototype had about 8500. The full depth of the190

silicon-based calorimeter corresponded to about 60 radiation lengths (Q0) and 5 interaction lengths191

(lI) with lead, copper and steel as main absorbers. Behind this was the CALICE Analog Hadronic192

Calorimeter (AHCAL) prototype which is a SiPM-on-tile 4 lI hadron sampling calorimeter with193

39 active layers [10]. A picture of the setup in the CERN SPS H2 beam zone is shown in Figure 13.194

3A typical MIP signal is about 40 ADC counts in high gain.

– 11 –

In 2018 setup,  
total Noise ~ 10ADC ~ 5500 e-


Intrinsic noise ~ 5ADC

MIP ~ 40 ADC

Araldite Epoxy Layer

Araldite Epoxy Layer

Baseplate

Araldite Epoxy Layer
Kapton foil plated 

with gold

Silicon

PCB

Figure 2: The module components are epoxied with Araldite®2011 to form a stack: a baseplate
at the bottom, a Kapton™ foil with gold layer on top, a silicon sensor, and a PCB.

Baseplate

Silicon (320 μm)

PCB

BV Gnd

Guard 
ring

Stepped holes Wire bonds

KaptonTM foil plated with gold (~ 100 μm)
~ 3 mm

1.2 mm

1.3 mm

Figure 3: The side-view schematic of a module showing stack layers and wire bonds.

two functions: it insulates the silicon sensor from the baseplate, and provides a bias connection70

to the back side of the silicon sensor via the gold plating. The silicon sensor is glued to the gold71

layer of the Kapton™ sheet with a silver epoxy to provide the electrical connection. The PCB72

glued to the silicon is 1.3 mm thick. It holds four SKIROC2-CMS ASICs [6] and contains stepped73

holes where wire-bonds are attached. The wire bonds provide the electrical connection between74

the silicon sensor cells and the PCB. They are also used to connect the ground pads (Gnd) on the75

PCB to the silicon sensor guard ring, and the sensor bias voltage (BV) on the PCB to the gold layer76

of the Kapton sheet, as shown in Figure 3.77

A robotic gantry (shown in Figure 4) equipped with custom tooling for precision pick-and-place78

and epoxy dispensing tasks was used in the assembly and a placement precision of ±30 µm was79

achieved.80

Several modules of the CE-H were constructed di�erently to explore two di�erent grounding81

schemes. The first, called ‘double Kapton™’ is shown in Figure 5 (left). It contains a second gold82

plated Kapton™ sheet epoxied to the first one. The top sheet is connected by wire bonds to the83

– 4 –
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HL-LHC	plan
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Brief	history	of	NCU+NTU	joining	
HGCAL

•Phase	2	competition	between	HGCAL	and	Shashlik-
EM(W+Lyso)+HE-rebuilt.	HGCAL	was	chosen.	NTU	and	
NCU	were	contacted	for	HGCAL	collaboration	based	on	on	
experience	on	silicon	detectors.	

•NTU	and	NCU	participated	R&D	of	prototypes	and	became	
one	of	the	6	detector	assembly	centers	(NTU+NCU	Taiwan,	
IHEP	China,	TIFR	India,	UCSB	US,	TTU	US,	CMU	US)	

•NTU	hosts	main	assembly	lab	and	NCU	hosts	Sensor	
Qualification	Center	(SQC,	the	others	are	HEPHY	Vienna,	
CERN,	FSU	and	TTU)	

•TDR	approved	in	2017	

•MoST/NTU/NCU	signed	phase-2	MoU	with	CERN	on	
2018

8
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NTU/NCU	involvement
•R&D	

•Testbeam	exp.	with	silicon-module	prototype	

•System	test	with	ASIC	and	hexaboard	designers	on	
front-end	development	

•DC-DC	converter	design	

•Module	Assembly	Center	(MAC)	

•Setup	Sensor	Qualification	Center	(SQC)	

•jig	designs	and	assembly	procedures	

•6/8-inch	prototype	assembly	for	system	test	

•Detector	Performance	Group	(DPG)	toward	analysis

9
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Testbeam	exp.
•R.-S.	Lu	was	(L2)	co-convener	
during	2017-2018.	

•Several	beam-test	@CERN,	FNAL	
and	DESY	between	2016	and	2018	
studying	prototype	6-inch	silicon	
modules.	

•NTU-NCU	led	the	effort	on	setup,	
DAQ	and	data	analyses.

10

CMS         CMS            CALICE
28 layers ECAL  9layers HCAL    AHCAL
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Construction and commissioning of CMS CE
prototype silicon modules

Arnaud Steen, Bora Akgün

Abstract

As part of its HL-LHC upgrade program, the CMS Collaboration is developing a High Granularity
Calorimeter (CE) to replace the existing endcap calorimeters. The CE is a sampling calorimeter with
unprecedented transverse and longitudinal readout for both electromagnetic (CE-E) and hadronic (CE-
H) compartments. The calorimeter will be built with ⇠30000 hexagonal silicon modules. Prototype
modules have been constructed with 6-inch hexagonal silicon sensors with cell areas of 1.1 cm2, and
the SKIROC2-CMS readout ASIC. Beam tests of different sampling configurations were conducted
with the prototype modules at DESY and CERN in 2017 and 2018. This paper describes the construc-
tion and commissioning of the CE calorimeter prototype, the silicon modules used in the construction,
their basic performance, and the methods used for their calibration.
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21 April 2020 (v5, 02 December 2020)

The DAQ system of the 12,000 Channel CMS

High Granularity Calorimeter Prototype

Roger Rusack, Bora Akgün

Abstract

The CMS experiment at the CERN LHC will be upgraded to accommodate the 5-fold increase in the
instantaneous luminosity expected at the High-Luminosity LHC (HL-LHC). Concomitant with this
increase will be an increase in the number of interactions in each bunch crossing and a significant
increase in the total ionising dose and fluence. One part of this upgrade is the replacement of the
current endcap calorimeters with a high granularity sampling calorimeter equipped with silicon sen-
sors, designed to manage the high collision rates. As part of the development of this calorimeter, a
series of beam tests have been conducted with different sampling configurations using prototype seg-
mented silicon detectors. In the most recent of these tests, conducted in late 2018 at the CERN SPS,
the performance of a prototype calorimeter equipped with ⇡12, 000 channels of silicon sensors was
studied with beams of high-energy electrons, pions and muons. This paper describes the custom-built
scalable data acquisition system that was built with readily available FPGA mezzanines and low-cost
Raspberry PI computers.
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Measurement of the response of a CMS HGCAL silicon-pad
calorimeter prototype to electrons at the 2018 beam tests

Catherine Adloff⇤,2, Sunanda Banerjee8, Satyaki Bhattacharya5, Debabrata Bhowmik5, Matteo
Bonanomi1, Ludivine Ceard4, Nikolaos Charitonidis3, Rajdeep Mohan Chatterjee⇤,6, Somnath

Choudhury7, Shilpi Jain6, Hao-Ren Jheng2, Clemens Lange3, Jia-Hao Li4, Artur Lobanov1,
Rong-Shyang Lu4, Stathes Paganis⇤,4, Thorben Quast3, Ryan Quinn6, Ashim Roy2, Arnaud

Steen4, Jyun-Wei Su4, Chih-Hsiang Yeh2, and Hsin-Yeh Wu4

1 Laboratoire Leprince-Ringuet, Palaiseau, France
2 National Central University, Chung-Li, Taiwain

3 CERN, 1211 Geneva 23, Switzerland
4 National Taiwan University, Taipei, Taiwan

5 Saha Institute of Nuclear Physics, Tolkata, India
6 University of Minnesota, Minneapolis, USA
7 Indian Institute of science, Bengaluru, India

8 Fermi National Accelerator Laboratory, Batavia, USA
⇤Primary author

Abstract

CMS is designing a new high-granularity endcap calorimeter, HGCAL, to be installed
in about 2025. As part of this development work, a prototype system was extensively
tested with beams at CERNS’s SPS in 2018. The electromagnetic part of the prototype,
CE-E, consists of 28 layers, with each layer carrying modules of hexagonal silicon
sensor glued to PCB and passive material. The sensor pads of approximately 1 cm2

are wire-bonded to the PCB and are readout by the Skiroc2-CMS ASIC. The prototype
has been exposed to positrons of energies ranging from 20 to 300 GeV. Measurements
of the CE-E prototype energy resolution and linearity, longitudinal and lateral shower
shapes, and position resolution, are presented and compared to detailed GEANT4
simulations.

In preparation

•2016	results	are	published	on	JINST	13,	P10023(2018)	

•2018	results	will	be	published	in	several	papers.	Two	papers	submitted	
to	JINST	on	Dec.	2020.	More	drafts	on	the	performance	in	preparation.
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Testbeam	exp.
•2016	results	are	published	on	JINST	13,	P10023(2018)	

•2018	results	will	be	published	in	several	papers.	Two	papers	submitted	
to	JINST	on	Dec.	2020.	More	drafts	on	the	performance	in	preparation.
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7. Energy resolution and linearity 31

are shown in Fig. 21. As discussed in Section 5, the reconstructed energy using either the SF677

method or the dEdx method is not at the absolute beam energy scale because of energy losses678

in upstream beamline material and losses associated to shower energy leaking from the side679

and the back of the prototype. In order to estimate the overall factor that gets the reconstructed680

energies to the true beam energies, we perform a linear regression of the SF weighted energy681

hEi as shown in Fig. 24.682

Figure 21: Reconstructed positron energy with the SF method (without including the losses
described in Eq. 3) for data and MC as a function of the positron beam energy. A factor of 1.07
is applied to the data visible energy before applying the SF method.

The reconstructed positron energy linearity (after correction to the full beam energy) and the683

energy resolution for data and simulation after application of the SF method are shown in684

Fig. 22, the results of the energy resolution fits are given in Table 7.

Figure 22: Energy linearity and resolution for data and MC using average sampling fraction
factors obtained from MC.

685

7.3 dEdx method686

The foreseen method for calibrating the HGCAL electromagnetic shower energy is the dEdx687

method discussed in Section 5.1. In Fig. 23 the distributions of the dEdx calibrated positron688

energies for data and simulation for beam energies in the range 20-300 GeV are presented.689

From these distributions, the fitted Gaussian mean energy, hEi, and standard deviation, sE, are690

extracted using the Gaussian fit procedure adopted for the visible energy study. In this case the691

2018 TB results on positron energy linearity and resolution
Preliminary Preliminary

300 GeV pion250 GeV pion200 GeV muon
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MAC	Taiwan

•Taiwan	Module	Assembly	Center	
(MAC)	will	build	5,000	out	of	30,000	
silicon	modules	between	Aug.	2022	
and	Dec.	2024.		

•NCU	will	be	in	charge	of	silicon	
sensor	qualification	(SQC)	and	NTU	
will	perform	the	assembly	of	modules.

13
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SQC	@NCU
•Sensor	tests	using	the	ARRAY	system	(full	
wafer	probe	card	with	pogo-pins)	using	front-
side	biasing		

•NCU	equips	a	semi-automatic	probe	station	
in	the	renovated	clean-room	

•Received	Probe-card,	switch-card	and	4	8-
inch	sensors	from	CERN	

•Switch	card	adapter	and	platon	were	
produced	in	Taiwan.	System,	combining	above	
cards,	was	installed	recently

14

probe card

sensor
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MAC	setup	@NTU
•Led	by	Prof.	E.	Paganis	and	Prof.	R.-S.	Lu	

•Complete	the	cleanroom	(915)	setup	including	robotic	gantry,	wire-
bonder,	probe	station	and	services	in	spring	2019.	

•Setup	testing	lab	(923)	with	test-stand,	climate	chamber	in	early	2020.

15
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6-inch	prototype	assembly

16

___________________________________________________________________________________________________________________
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• 1.2 mm Cu BasePlate + 70μm gold-Kapton + 400μm Silicon Sensor + V3 PCB


• Some Problems to be improved, but overall the assembly procedures went smooth

!2

Glue leakage at edge

Alignment could be improved

Fibers stuck between PCB and Sensor

Cosmic events
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8-inch	setup
•Jigs	designed	@NTU	and	fabricated	
@AS.	Assembling	dummy	modules	for	
deformation	study	during	thermal	cycles

18

BOM Table

ITEM NO. Part Name Config DESCRIPTION QTY.

1
8 In PCB pick up tool 

LD Hexaboard 
sk_NTU

8 In PCB pick up tool 
LD Hexaboard sk_NTU

Modify the design to fit the 
components at NTU 1

2 9.97mm pick up tool 
support_NTU

9.97mm pick up tool 
support_NTU

Height set for 1.6mm baseplate + 
50um glue + 320um sensor + 50um 

glue + 1.6mm PCB + pickuptool 
block 6.35mm

3

3 LB-0640-M5 LB-0640-M5 7
4 LH-0640-M5 LH-0640-M5 1
5 LC-0640-M5 LC-0640-M5 1
6 LP-M5 LP-M5 2
7 CNL-287 Vacuum cup 7

8 A5B-018 Screw for vacuum cup 7

9 socket head cap 
screw_am

B18.3.1M - 5 x 0.8 x 16 
Hex SHCS -- 16NHX 9

LD Hexaboard pick up tool
2020/5/8

Date:

Scale:

Sheet Format Size:

Current Sheet 1 of 1
NTU HEP

1:2
Weight:Source:

A A

B B

C C

D D

E E

F F

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

6061-T6 (SS)
Material:

1906.68

A3
Unit:  Title:

mmgs

Project:

Hsin-Yeh

UCSBHGCAL

Designer:

SOLIDWORKS Educational Product. For Instructional Use Only.

 440.00 

 125.00 

 315.00 

 4 x R12.70 

 2
50

.0
0 

 1
11

.8
0 

 1
38

.2
0 

12 x  4.20 THRU ALL
M5x0.8 - 6H THRU ALL

16.00 6.70

4 x  3.00 THRU ALLPress fit

6 x  4.20 THRU ALL
M5x0.8 - 6H THRU ALL

6 x Inner radius 40.89
Outer radius 46.99

1.90

2 x Inner radius 50.00
Outer radius 100.00

7.00

 15.00 

 220.00 

 425.00 

 1
5.

00
 

 1
25

.0
0 

 2
35

.0
0 

2 x  8.00 E7/m5 THRU ALL Clearance

2 x 0.50 0.10

Dig 7 mm

 15.00 
 7.00 

A

Quantity : 1

Revision
Area Revise description date

C7 A fiducial mark 
depth 5->0.1 2019/12/24

Component Info
Oring 加耐力09042-2 6

Dowel Pin MS8-65 2
Vacuum cup S1-15B-410 12

Vacuum cup screw A5T-067 12
Vacuum adapter LH-0640-M5 2

LB-0640-M5 4

2 Module Tray 8 in_NTU 2019/12/24

Date: Scale: Unit: 

Current Sheet 1 of 2AluminumNTU CMS Hsin-Yeh , Jenny 1:3

Material:Designer:

mm 
A A

B B

C C

D D

E E

F F

8

8

7

7

6

6

5

5

4

4

3

3

2

2

1

1

SOLIDWORKS Educational Product. For Instructional Use Only.
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Hexaboard	production	with	Plotech

•	Several	R&D	productions	of	the	6/8-inch	board	for	Skiroc2cms,	
HGCROC	low	density	(LD)	and	high	density	(HD)	hexaboards	were	done	
by	Plotech.	Contact	through	Prof.	C.M.	Kuo	(NCU)	

•Plotech	team	has	been	very	helpful	in	producing	these	highly	complex	
boards	(dense	traces	and	vias,	step	holes)	and	is	willing	to	discuss	with	us	
(Only	3	PCB	manufactures	can	produce	this	kind	of	boards	in	the	world)	

•All	boards	meet	CMS’s	requirements	so	far	

•Hopefully	at	least	all	(~4000)	HD	boards	and	some	peripheral	boards	
can	be	produced,	mounted	and	tested	in	Taiwan

19

6-inch Skiroc2cms

Used in beamtest

8-inch skiroc2cms 8-inch LD HGCROC

8-inch HD HGCROC
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DC-DC	converters
•Stefano	Caregari(NCU),	an	electrical	engineer,	has	been	playing	
a	very	important	role	in	the	design	of	the	DC-DC	converters	for	
HGCal	

•The	project	actually	aims	at	the	development	of	DC-DC	
converters	for	applications	in	HEP,	targeting	the	upgrade	of	LHC	
detectors	

•The	converters	are	based	on	ASICs.	They	are	designed	to	
withstand	large	magnetic	field	(up	to	4T),	and	radiations	up	to	
ultra-high	doses	(TID	>	150	Mrad)

20

12 nH

rPOL2V5 module

•	rPOL2V5	chip	prototypes	
arrived	at	CERN	

•Discussing	with	Plotech	to	
produce	test	boards	in	Taiwan.	
Hopefully	all	rPOL2V5	boards	will	
be	produced,	mounted	and	tested	
in	Taiwan
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System	test
•A.	Steen(NTU)	co-lead	
the	group	(L2	convener)	

•System	on	R&D	of	front-
end	system	

•Developing	software	to	
test	firmware(on	zynq	
FPGA	of	trend	module)	and	
custom-made	hardware	
(Controller	and	Trophy	
board)	with	engineers	

•Basic	system	to	grow	into	
parallel	test-stands	for	
MAC	testing

21

HexaController

Trophy 
board v2

Hexaboard/module
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DPG	activities
•A.	Psallidas	(NTU)	in	charge	of	software	
release	and	sample	validation	(L3	convener).	

•Also	investigating	on	The	Iterative	CLustering	
(TICL)	algorithm	on	jet	and	tau	reconstruction

22
Loukas Gouskos

The Iterative CLustering (TICL)
n A modular reconstruction framework designed to fully exploit HGCAL potential

u Goal: process the energy deposited by particles on HGCAL [RecHits] and return 
particle properties and probabilities 

n Implemented in CMSSW; standard HGCAL reconstruction for Phase 2 studies

Setting the scene:

RecHit: 
Energy deposit in a 

single sensor

2D clusters/objects: 
Groups of RecHits in the 

same layer

Trackster [3D object]: 
Linking of 2D clusters to form 

the particle shower

[Electron with E=32 GeV; Test beam 2016 @FNAL]

HGCAL Workshop, Dec 2020 3
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Milestones

23

0 0 HGC_Schedule_Development_14_04_2020 31 Dec 15 25 Jul 27   

1 1 General Milestones 15 Nov 17 15 Dec 24 952

2 1.1 TDR submitted (HL) CE.TDR 15 Nov 17 15 Nov 17

3 1.2 Engineering Design Review (HL) CE.EDR 15 Nov 21 15 Nov 21 Concentrators ready for production (HL) 2078

4 1.3 LS3 shutdown Day 1 15 Dec 24 15 Dec 24

5 2 Sensors 31 Dec 15 1 Nov 24 994

6 2.1 First HGC-specific sensors with preliminary design and specs. 
received from HPK (HL)

CE.SI.1 31 Dec 15 31 Dec 15

7 2.2 Prototyping  and pre-series Period 15 Feb 17 18 May 22 First HGC-specific sensors with preliminary design and specs. 
received from HPK (HL)

1893

8 2.2.1 First Phase of Market Survey (organised by CMS TK) 15 Feb 17 9 Aug 17 3015

9 2.2.2 Second Phase of Market Survey with specific HGCAL prototypes 9 Aug 17 22 Apr 19 First Phase of Market Survey (organised by CMS TK) 3015

10 2.2.3 Choice between 6" or 8" type Si sensors made (HL) CE.SI.2 15 May 17 15 May 17

11 2.2.4 Delivery of 8" sensors with representative geometry (HL) CE.SI.3 13 Sep 18 13 Sep 18

12 2.2.5 Choice between n-on-p or mixed for Si sensors type made:  (i.e. n-
on-p and p-on-n)

30 Mar 19 30 Mar 19 Answer to call for Si sensors tender (HL) 3038

13 2.2.6 Si sensors tender 15 Mar 19 14 May 19 2993

14 2.2.7 Answer to call for Si sensors tender (HL) CE.SI.4 29 Apr 19 29 Apr 19 Second Phase of Market Survey with specific HGCAL prototypes 3008

15 2.2.8 Order of full modules prototypes with final geometry 31 Oct 19 31 Oct 19 260

16 2.2.9 Full modules prototypes production 31 Oct 19 20 Sep 20 Order of full modules prototypes with final geometry 260

17 2.2.10 Full modules prototypes evaluation and irradiations 20 Sep 20 18 Jan 21 Full modules prototypes production 260

18 2.2.11  Irradiation tests complete for final prototype full-size sensors (HL) CE.SI.5b 18 Jan 21 18 Jan 21 Full modules prototypes evaluation and irradiations 260

19 2.2.12 Silicon sensors PRR modules 2 Feb 21 2 Feb 21  Irradiation tests complete for final prototype full-size sensors (HL) 260

20 2.2.13 8" sensors orders placed (HL) CE.SI.5 2 Feb 21 2 Feb 21 Silicon sensors PRR modules 260

21 2.2.14 Purchase pre-series of Full sensors 6 Feb 21 3 Jul 21 8" sensors orders placed (HL) 260

22 2.2.15 Qualify pre-series of Full sensors 3 Jul 21 30 Nov 21 Purchase pre-series of Full sensors 260

23 2.2.16 Partial modules design and layout verification 31 Oct 19 1 Sep 20 Order of full modules prototypes with final geometry 273

24 2.2.17 Order of partial sensors prototypes with final geometry 1 Sep 20 1 Sep 20 Partial modules design and layout verification 273

25 2.2.18 Partial sensors prototypes production 1 Sep 20 26 Jan 21 Order of partial sensors prototypes with final geometry 273

26 2.2.19 Partial modules prototypes evaluation 26 Jan 21 25 Jul 21 Partial sensors prototypes production 273

27 2.2.20 Purchase pre-series of partial sensors 25 Jul 21 19 Dec 21 Partial modules prototypes evaluation 273

28 2.2.21 Qualify pre-series of partial sensors 19 Dec 21 18 May 22 Purchase pre-series of partial sensors 273

29 2.3 Silicon Sensors Production Phase 30 Nov 21 1 Nov 24 259

30 2.3.1 Final full sensors qualified (HL) CE.SI.6a 30 Nov 21 30 Nov 21 Qualify pre-series of Full sensors 260

31 2.3.2 Final partial sensors qualified (HL) CE.SI.6b 18 May 22 18 May 22 Qualify pre-series of partial sensors 273

32 2.3.3 Final sensors qualified (HL) - Obsolete CE.SI.6 18 May 22 18 May 22 Final partial sensors qualified (HL) 273

33 2.3.4 Sensors Pre-Production 5% 30 Nov 21 29 May 22 Final full sensors qualified (HL) 260

34 2.3.5 Sensors production 5% complete (HL) CE.SI.7 29 May 22 29 May 22 Sensors Pre-Production 5% 260

35 2.3.6 Sensors Production next 45% 31 May 22 13 Jul 23 Sensors production 5% complete (HL) 259

36 2.3.7 Sensors production 50% complete (HL) CE.SI.8 6 Aug 23 6 Aug 23 Sensors Production next 45% 259

37 2.3.8 Sensor production second half 6 Aug 23 1 Nov 24 Sensors production 50% complete (HL) 259

38 2.3.9 Sensor production 100% complete (HL) CE.SI.9 1 Nov 24 1 Nov 24 Sensor production second half 259

39 3 SiPM and scintillators 15 Nov 17 8 Oct 23 1386

40 3.1 SiPM selection 1 Jan 18 8 Oct 23 1386

41 3.1.1 Procure commercial SiPMs for evaluation 1 Jan 18 1 May 18 350

42 3.1.2 Test/evaluation of commercial samples of SiPMs 1 May 18 1 Oct 18 Procure commercial SiPMs for evaluation 350

43 3.1.3 Develop specifications for HGCAL-specific SiPM protoypes 1 Oct 18 30 Dec 18 Test/evaluation of commercial samples of SiPMs 350

44 3.1.4 SiPM prototypes with HGCAL specs ordered 30 Dec 18 30 Dec 18 Develop specifications for HGCAL-specific SiPM protoypes 350

45 3.1.5 Produce HGCAL-specific SiPM prototypes 30 Dec 18 29 Apr 20 SiPM prototypes with HGCAL specs ordered 350

46 3.1.6 Evaluate SiPMs 29 Apr 20 29 May 21 2247

47 3.1.6.1 characterisation of non irradiated SiPMs 29 Apr 20 29 May 20 Produce HGCAL-specific SiPM prototypes 350

48 3.1.6.2 tests of non-irradiated samples with tileboard V2 29 May 20 28 Jul 20 characterisation of non irradiated SiPMs 2553

49 3.1.6.3 irradiations 29 May 20 26 Oct 20 characterisation of non irradiated SiPMs 350

50 3.1.6.4 characterisation of irradiated samples 26 Oct 20 25 Nov 20 irradiations 350

51 3.1.6.5 tests of irradiated samples with tileboard 25 Nov 20 23 Feb 21 characterisation of irradiated samples 350

52 3.1.6.6 tests with tileboard V3 29 Apr 21 29 May 21 Assemble Tile Board with -V3 and basic tests 476

53 3.1.7 SiPM Market Survey 28 Jul 20 23 Feb 21 SiPM Tender 350

54 3.1.8  SiPM market survey complete (HL) CE.SC.3a 23 Feb 21 23 Feb 21 SiPM Market Survey 350

55 3.1.9 SiPM Tender 23 Feb 21 24 May 21 tests of irradiated samples with tileboard 350

56 3.1.10 SiPM selected 24 May 21 24 May 21 SiPM Tender 350

57 3.1.11 SiPM PRR 8 Jun 21 8 Jun 21 SiPM selected 467

58 3.1.12 SiPM orders placed (HL) CE.SC.2 3 Oct 21 3 Oct 21 SiPM selected 350

59 3.1.13 SIPM preproduction 3 Oct 21 31 May 22 SiPM orders placed (HL) 350

60 3.1.14 SiPM preproduction batch delivered 31 May 22 31 May 22 SIPM preproduction 350

61 3.1.15 SiPM Production 26 Jan 23 8 Oct 23 SIPM preproduction 350

62 3.2 Scintillator design and selection 15 Nov 17 19 Aug 21 695

63 3.2.1 Scintillator material testing 2 Jan 18 3 Jul 19 1192

64 3.2.2 Scintillator assembly technique evaluation 15 Nov 17 14 Dec 19 1022

65 3.2.3 Scintillator and tile board assembly technique selected (HL) CE.SC.1 21 Dec 19 21 Dec 19 Scintillator assembly technique evaluation 1022

66 3.2.4 Scintillator tiles evaluation 21 Dec 19 20 Mar 20 Scintillator and tile board assembly technique selected (HL) 1022

67 3.2.5 Scintillator Market Survey 21 Dec 19 20 Mar 20 Scintillator and tile board assembly technique selected (HL) 1022

68 3.2.6 Scintillator tiles tender 20 Mar 20 17 Aug 20 Scintillator Market Survey 1022

69 3.2.7 Scintillator tiles PRR 1 Sep 20 1 Sep 20 Scintillator tiles tender 1047

70 3.2.8 Scintillator tiles order placed (HL) CE.SC.3 19 Aug 21 19 Aug 21 SiPM orders placed (HL) 695

71 4 Scintillator Production 17 Nov 21 8 Sep 23 Scintillator tiles order placed (HL) 695

72 5 FE electronics 20 Jan 16 10 Nov 22 1718

73 5.1 Silicon front end ASIC design 20 Jan 16 4 Nov 21 2089

74 5.1.1 SKIROC2-CMS 20 Jan 16 15 Dec 17 3509

81 5.1.2 HGCROC-V1 30 Jun 17 5 Apr 18 340

85 5.1.3 HGCROC-V2 5 Jan 18 30 Sep 20 371

86 5.1.3.1 HGCROC-V2 Design 5 Jan 18 24 Jan 19 Testing 340

87 5.1.3.2 HGCROC-V2 submission (HL) CE.FE.6 31 Jan 19 31 Jan 19 HGCROC-V2 Design 340

88 5.1.3.3 HGCROC-V2 production 31 Jan 19 31 May 19 HGCROC-V2 submission (HL) 340

89 5.1.3.4 HGCROC-V2-packaging 31 May 19 30 Jul 19 HGCROC-V2 production 340

90 5.1.3.5 HGROC -V2 basic ASIC tests 30 Jun 19 29 Aug 19 HGCROC-V2-packaging 340

91 5.1.3.6 HGROC -V2 performance evaluation 29 Aug 19 30 Sep 20 HGROC -V2 basic ASIC tests 371

92 5.1.3.7 HGCROC-V2 and H2GCROC-V2 performance evaluation 
complete (HL)

CE.FE.8a 30 Sep 20 30 Sep 20 HGROC -V2 performance evaluation 371

93 5.1.4 HGCROC-V3 29 Aug 19 4 Nov 21 351

94 5.1.4.1 HGCROC-V3 design 29 Aug 19 31 Oct 20 HGROC -V2 basic ASIC tests 340

95 5.1.4.2 HGCROC-V3 submission (HL) CE.FE.9 31 Oct 20 31 Oct 20 HGCROC-V3 design 340

96 5.1.4.3 HGCROC-V3 production 31 Oct 20 29 Jan 21 HGCROC-V3 submission (HL) 340

97 5.1.4.4 HGCROC -V3 packaging 29 Jan 21 30 Mar 21 HGCROC-V3 production 340

98 5.1.4.5 HGCROC-V3 ASIC basic tests 30 Mar 21 29 Apr 21 HGCROC -V3 packaging 340

99 5.1.4.6 HGCROC-V3 performance evaluation 29 Apr 21 26 Sep 21 HGCROC-V3 ASIC basic tests 390

100 5.1.4.7 Perform and qualify any minor revision to V3 as required 29 Apr 21 4 Nov 21 HGCROC-V3 ASIC basic tests 351

101 5.1.4.8 HGCROC ready for mass production (HL) CE.FE.12 4 Nov 21 4 Nov 21 Perform and qualify any minor revision to V3 as required 351

102 5.2 SiPM front end ASIC design 2 Jan 17 4 Nov 21 350

103 5.2.1 Testing with SKIROC2-CMS and external components 2 Jan 17 1 Jul 17 675

104 5.2.2 Specs of H2GCROC validated with SKIROC test (HL) 1 Jul 17 1 Jul 17 Testing with SKIROC2-CMS and external components 675

105 5.2.3 H2GCROC-V2 18 Dec 17 25 Feb 20 599

106 5.2.3.1 H2GCROC-V2 design 18 Dec 17 29 Oct 18 Specs of H2GCROC validated with SKIROC test (HL) 505

107 5.2.3.2 H2GCROC-V2 submission (HL) CE.FE.7 31 Jan 19 31 Jan 19 HGCROC-V2 submission (HL) 410

108 5.2.3.3 H2GCROC-V2 production 31 Jan 19 31 May 19 H2GCROC-V2 submission (HL) 410

109 5.2.3.4 H2GCROC-V2 packaging 31 May 19 30 Jul 19 H2GCROC-V2 production 410

110 5.2.3.5 H2GCROC-V2 basic ASIC tests 30 Jul 19 29 Aug 19 H2GCROC-V2 packaging 410

111 5.2.3.6 H2GCROC-V2 performance evaluation 29 Aug 19 25 Feb 20 H2GCROC-V2 basic ASIC tests 599

112 5.2.4 H2GCROC-V3 28 Sep 19 4 Nov 21 350

113 5.2.4.1 H2GCROC-V3 design 28 Sep 19 31 Oct 20 HGCROC-V3 design 350

114 5.2.4.2 H2GCROC-V3 submission (HL) CE.FE.10 31 Oct 20 31 Oct 20 H2GCROC-V3 design 350

115 5.2.4.3 H2GCROC-V3 production 31 Oct 20 29 Jan 21 H2GCROC-V3 submission (HL) 350

116 5.2.4.4 H2GCROC-V3 packaging 29 Jan 21 30 Mar 21 H2GCROC-V3 production 350

117 5.2.4.5 H2GCROC-V3 test 30 Mar 21 29 Apr 21 H2GCROC-V3 packaging 350

118 5.2.4.6 H2GCROC-V3 performance evaluation 29 Apr 21 26 Sep 21 H2GCROC-V3 test 389

119 5.2.4.7 Perform and qualify any minor revision to -H2GCROC V3 as required 29 Apr 21 4 Nov 21 H2GCROC-V3 test 350

120 5.2.4.8 H2GCROC ready for production (HL) CE.FE.13 4 Nov 21 4 Nov 21 Perform and qualify any minor revision to -H2GCROC V3 as 
required

350

121 5.3 Concentrators 1 Mar 19 10 Jul 22 1841

122 5.3.1 Concentrator emulator 4 Nov 19 15 Aug 20 487

123 5.3.1.1 Develop emulator and firmware to test HGCROC-V2 system 4 Nov 19 15 Aug 20 H2GCROC-V2 basic ASIC tests 487

124 5.3.2 Concentrator P1/P2 obsolete 16 Nov 19 12 Aug 20

127 5.3.3 ECON T1 1 Mar 19 26 Sep 21 355

128 5.3.3.1 ECON T1 specifications defined 1 Mar 19 1 Mar 19

129 5.3.3.2 ECON T1 Design 1 Mar 19 31 Oct 20 ECON T1 specifications defined 355

130 5.3.3.3 ECON receiver block integration complete (HL) CE.FE.10a 29 Feb 20 29 Feb 20 ECON T1 Design 386

131 5.3.3.4 Concentrator prototype full chip verification complete (HL) CE.FE.11a 30 Sep 20 30 Sep 20 ECON receiver block integration complete (HL) 386

132 5.3.3.5 ECON T1 Submission (HL) CE.FE.11b 31 Oct 20 31 Oct 20 ECON T1 Design 355

133 5.3.3.6 ECON T1 production 31 Oct 20 29 Jan 21 ECON T1 Submission (HL) 355

134 5.3.3.7 ECON T1 packaging 29 Jan 21 30 Mar 21 ECON T1 production 355

135 5.3.3.8 ECON T1 ASIC basic tests 30 Mar 21 29 Apr 21 ECON T1 packaging 355

136 5.3.3.9 ECON T1 performance evaluation 29 Apr 21 26 Sep 21 ECON T1 ASIC basic tests 355

137 5.3.4 ECON D1 1 Aug 19 28 Oct 21 350

138 5.3.4.1 ECON D1 specifications defined 1 Aug 19 1 Aug 19

139 5.3.4.2 ECON D1 Design 1 Aug 19 31 Jan 21 ECON D1 specifications defined 350

140 5.3.4.3 ECON D1 Submission (HL) CE.FE.11c 31 Jan 21 31 Jan 21 ECON D1 Design 350

141 5.3.4.4 ECON D1 production 31 Jan 21 1 May 21 ECON D1 Submission (HL) 350

142 5.3.4.5 ECON D1 packaging 1 May 21 30 Jun 21 ECON D1 production 350

143 5.3.4.6 ECON D1 ASIC basic tests 30 Jun 21 30 Jul 21 ECON D1 packaging 350

144 5.3.4.7 ECON D1 performance evaluation 30 Jul 21 28 Oct 21 ECON D1 ASIC basic tests 350

145 5.3.5 ECON-T and ECON-D prototypes performance evaluation 
complete (HL)

CE.FE.11d 28 Oct 21 28 Oct 21 ECON D1 performance evaluation 350

146 5.3.6 ECON T2 +ECON D2  (removed) 29 May… 10 Jul 22 1841

155 5.4 Concentrators ready for production (HL) CE.FE.14 15 Nov 21 15 Nov 21 ECON-T and ECON-D prototypes performance evaluation 
complete (HL)

350

156 5.5 HGCROC production 4 Nov 21 2 Feb 22 Perform and qualify any minor revision to V3 as required 351

157 5.6 H2GCROC production 4 Nov 21 2 Feb 22 H2GCROC ready for production (HL) 350

158 5.7 HGCROCs packaging 2 Feb 22 3 Apr 22 H2GCROC production 350

159 5.8 HGCROCs  ASIC basic test 3 Apr 22 18 Apr 22 HGCROCs packaging 350

160 5.9 HGCROCs production testing 18 Apr 22 15 Oct 22 HGCROCs  ASIC basic test 350

161 5.10 Concentrators production. 15 Nov 21 13 Feb 22 Concentrators ready for production (HL) 350

162 5.11 Concentrators packaging 13 Feb 22 14 Apr 22 Concentrators production. 350

163 5.12 Concentrators ASICs basic testing 14 Apr 22 14 May 22 Concentrators packaging 350

164 5.13 Concentrators  production testing 14 May 22 10 Nov 22 Concentrators ASICs basic testing 421

165 6 FE Electronics Boards 15 Jun 18 21 Mar 24 1221

166 6.1 Hexaboard 1 Oct 18 20 Jul 23 350

167 6.1.1 Develop 8" Hexaboard for -V2 1 Oct 18 26 Oct 19 HGROC -V2 basic ASIC tests 590

168 6.1.2 Assemble Hexaboard with -V2 and basic tests 26 Oct 19 25 Dec 19 Develop 8" Hexaboard for -V2 614

169 6.1.3 Optimize  Hexaboard  and produce for -V3 3 Jul 20 29 Apr 21 HGCROC-V3 ASIC basic tests 340

170 6.1.4 Assemble Hexaboard with -V3 and basic tests 29 Apr 21 28 Jun 21 Optimize  Hexaboard  and produce for -V3 340

171 6.1.5 Market Survey for Hexaboard 29 May 21 27 Aug 21 Tender for  all Silicon Modules components 391

172 6.1.6 Tender for Hexaboard 27 Aug 21 24 Jan 22 Market Survey for Hexaboard 391

173 6.1.7 Hexaboards order placed 7 Feb 22 7 Feb 22 Tender for Hexaboard 391

174 6.1.8 Hexaboard preseries production 7 Feb 22 8 Apr 22 Hexaboards order placed 391

175 6.1.9 Assembly of preseries with final HGCROC 18 Apr 22 18 May 22 HGCROCs production testing 350

176 6.1.10 Test final Hexaboard 18 May 22 2 Jun 22 Assembly of preseries with final HGCROC 350

177 6.1.11 Final Hexaboard qualified (HL) CE.EL.5 2 Jun 22 2 Jun 22 Test final Hexaboard 350

178 6.1.12 Hexaboard production 25 Jun 22 20 Jun 23 Qualify Final Modules (pre-series) 350

179 6.1.13 Hexaboard production testing 25 Jul 22 20 Jul 23 Hexaboard production 350

180 6.2 Common Developments (external input) 15 Jun 18 26 Jul 23 1460

181 6.2.1 LpGBT 2 Jul 18 22 Sep 22 806

182 6.2.1.1 MPW and packaging 2 Jul 18 29 Dec 18 655

183 6.2.1.2 Test 29 Dec 18 21 Jun 20 MPW and packaging 655

184 6.2.1.3 Prototypes LpGBT available 29 Mar 19 29 Mar 19 Test 769

185 6.2.1.4 MPW2 16 Nov 20 14 Feb 21 Test 508

186 6.2.1.5 Qualification 14 Feb 21 31 Mar 21 MPW2 508

187 6.2.1.6 Engineering Run & Packaging 31 Mar 21 29 Jun 21 Qualification 508

188 6.2.1.7 Validation  and test 29 Jun 21 26 Dec 21 Engineering Run & Packaging 508

189 6.2.1.8 Engineering LpGBT available ~ 30% production 26 Dec 21 26 Dec 21 Validation  and test 508

190 6.2.1.9 Full LpGBT production and test 26 Dec 21 24 Jun 22 Validation  and test 806

191 6.2.1.10 All LpGBT available 22 Sep 22 22 Sep 22 Full LpGBT production and test 806

192 6.2.2 VTRX+ 1 Jul 18 26 Jul 23 1460

193 6.2.2.1 VTRX+ Prototypes qualification 1 Jul 18 28 Dec 18 3131

194 6.2.2.2 VTRX+ Engineering Samples available 30 Sep 19 30 Sep 19 769

195 6.2.2.3 Contract placing 29 Dec 19 28 Mar 20 VTRX+ Engineering Samples available 769

196 6.2.2.4 VTRX+ Preproduction and qualification 28 Mar 20 8 Dec 20 Contract placing 769

197 6.2.2.5 VTRX+ Preproduction Samples available 8 Dec 20 8 Dec 20 VTRX+ Preproduction and qualification 769

198 6.2.2.6 VTRX+ Production and testing 50% 8 Dec 20 2 Apr 22 VTRX+ Preproduction Samples available 769

199 6.2.2.7 VTRX+ Production and testing 50-100% 2 Apr 22 26 Jul 23 VTRX+ Production and testing 50% 769

200 6.2.2.8 All VTRX+ available 26 Jul 23 26 Jul 23 VTRX+ Production and testing 50-100% 859

201 6.2.3 bPOL DCDCs 15 Jun 18 26 Mar 21 1351

202 6.2.3.1 development final version 15 Jun 18 8 Oct 19 1436

203 6.2.3.2 bPol12 submission 1 Jan 20 1 Jan 20 development final version 1351

204 6.2.3.3 final samples available 29 Jun 20 29 Jun 20 bPol12 submission 1351

205 6.2.3.4 bPol12  production batch 1 29 Jun 20 26 Nov 20 final samples available 1351

206 6.2.3.5 bPol12 production batch 2 26 Nov 20 26 Mar 21 bPol12  production batch 1 1351

207 6.2.3.6 bPol2v5 production 1 Oct 20 29 Jan 21 1407

208 6.2.3.7 All bPOL available 26 Mar 21 26 Mar 21 bPol12 production batch 2 1351

209 6.2.4 Precise Clock 29 Mar 19 14 Sep 21 2139

210 6.2.4.1 Study of clock precision & distribution (CEA) 29 Mar 19 24 Dec 19 Prototypes LpGBT available 847

211 6.2.4.2 Precise Clock distribution scheme tested with LpGBT (HL) CE.EL.6 24 Dec 19 24 Dec 19 Study of clock precision & distribution (CEA) 847

212 6.2.4.3 Clock testing with DTH, MB and VTRX+ 16 Jun 21 14 Sep 21 MB P1 Testing and performance evaluation 2139

213 6.3 Motherboard 2 Aug 20 27 Oct 23 380

214 6.3.1 Develop Motherboard for Concentrator P1 2 Aug 20 29 Apr 21 ECON T1 performance evaluation 355

215 6.3.2 MB P1 Testing and performance evaluation 29 Apr 21 14 Sep 21 ECON T1 ASIC basic tests 355

216 6.3.3 Market Survey 14 Sep 21 28 Nov 21 MB P1 Testing and performance evaluation 355

217 6.3.4 Optimize Motherboard and produce for final  Concentrators 14 Sep 21 12 Apr 22 MB P1 Testing and performance evaluation 367

218 6.3.5 Tender for Motherboard 28 Nov 21 27 May 22 Market Survey 355

219 6.3.6 MB Testing and performance evaluation with final Concentrators 29 Apr 22 22 Jul 22 Concentrators ASICs basic testing 350

220 6.3.7 Ordered placed 27 May 22 27 May 22 Tender for Motherboard 355

221 6.3.8 Motherboard pre-series production 1 Jun 22 31 Jul 22 MB Testing and performance evaluation with final Concentrators 350

222 6.3.9  Pre-series assembly with final Concentrators 31 Jul 22 21 Aug 22 Motherboard pre-series production 350

223 6.3.10 Motherboard final test 21 Aug 22 20 Sep 22  Pre-series assembly with final Concentrators 350

224 6.3.11 Final Motherboard qualified (HL) CE.EL.7 20 Sep 22 20 Sep 22 Motherboard final test 350

225 6.3.12 Motherboard production 27 Sep 22 22 Sep 23 Final system qualified (HL) 380

226 6.3.13 Motherboard production testing 27 Oct 22 27 Oct 23 Motherboard production 380

227 6.4 Tile electronics Board 3 Sep 18 21 Mar 24 350

228 6.4.1 Design Tile  and produce board for -V2 3 Sep 18 29 Aug 19 H2GCROC-V2 basic ASIC tests 625

229 6.4.2 Assemble Tile Board with -V2 and basic tests 29 Aug 19 28 Oct 19 Design Tile  and produce board for -V2 625

230 6.4.3 Design Tile  and produce Board for -V3 4 May 20 29 Apr 21 H2GCROC-V3 test 401

231 6.4.4 Assemble Tile Board with -V3 and basic tests 29 Apr 21 28 Jun 21 H2GCROC-V3 test 401

232 6.4.5 Tender for Tile Electronics Board 27 Aug 21 25 Dec 21 Assemble Tile Board with -V3 and basic tests 431

233 6.4.6 Order placed 24 Jan 22 24 Jan 22 Evaluate performance of H2GCROC-V3 tile module 401

234 6.4.7 Tile Electronics Board preseries 24 Jan 22 25 Mar 22 Order placed 401

235 6.4.8 Tile Electronics Board assemby with final H2GCROC 18 Apr 22 18 May 22 HGCROCs production testing 377

236 6.4.9 Test final Tile Electronics Board 18 May 22 2 Jun 22 Tile Electronics Board assemby with final H2GCROC 377

237 6.4.10 Tile Electronics Board qualified 2 Jun 22 2 Jun 22 Test final Tile Electronics Board 377

238 6.4.11 Tile Electronics Board preproduction 30 Jun 22 28 Sep 22 SiPM preproduction batch delivered 350

239 6.4.12 Tile Electronics Board preproduction testing 28 Sep 22 27 Dec 22 Tile Electronics Board preproduction 350

240 6.4.13 Tile Electronics Board production 25 Feb 23 20 Feb 24 SiPM Production 350

241 6.4.14 Tile Electronics Board bulk testing 27 Mar 23 21 Mar 24 Tile Electronics Board production 350

242 7 Silicon Modules 4 Jan 16 1 Dec 24 259

243 7.1 Module for SKIROC2 4 Jan 16 3 May 16 76

244 7.2 Module for SKIROC2-CMS 3 May 16 30 Sep 16 Module for SKIROC2 76

245 7.3 Module design and specs defined for TDR baseline choice (HL) 15 Dec 16 15 Dec 16 Module for SKIROC2-CMS

246 7.4 Assembly setup 28 Nov 17 1 Mar 21 868

247 7.4.1 Silicon Module assembly pilot site and procedures setup 6" (HL) CE.MO.2 28 Nov 17 28 Nov 17

248 7.4.2 Setup module pilot assembly site 28 Nov 17 21 Jun 19 Silicon Module assembly pilot site and procedures setup 6" (HL) 868

249 7.4.3 Silicon Module assembly pilot site and procedures setup 8" (HL) CE.MO.3 21 Jun 19 21 Jun 19 Setup module pilot assembly site 868

250 7.4.4 Setup modules assembly sites and proceedures 21 Jun 19 1 Mar 21 Silicon Module assembly pilot site and procedures setup 8" (HL) 868

251 7.4.5 All Silicon module assembly sites and procedures qualified (HL) CE.MO.4 1 Mar 21 1 Mar 21 Setup modules assembly sites and proceedures 868

252 7.5 Silicon Module qualification 25 Dec 19 25 Jun 22 388

253 7.5.1 Test module with HGCROC-V2 25 Dec 19 31 Jan 20 Assemble Hexaboard with -V2 and basic tests 614

254 7.5.2 Silicon module  tested with HGCROC-V2 (HL) CE.MO.5 31 Jan 20 31 Jan 20 Test module with HGCROC-V2 614

255 7.5.3 Evaluate full performance of HGCROC-V2 module 31 Jan 20 29 Jul 20 Test module with HGCROC-V2 674

256 7.5.4 Assemble and test of module with HGCROC-V3 28 Jun 21 27 Aug 21 Assemble Hexaboard with -V3 and basic tests 340

257 7.5.5 Evaluate full performance with HGCROC-V3 module 27 Aug 21 11 Oct 21 Assemble and test of module with HGCROC-V3 340

258 7.5.6 HGCROC-V3 silicon module validated (HL) CE.MO.6 11 Oct 21 11 Oct 21 Evaluate full performance with HGCROC-V3 module 340

259 7.5.7 Qualify Final Modules (pre-series) 2 Jun 22 25 Jun 22 Final Hexaboard qualified (HL) 350

260 7.5.8 Final silicon module qualified (HL) CE.MO.8 25 Jun 22 25 Jun 22 Qualify Final Modules (pre-series) 388

261 7.6 Silicon Module Production 27 Aug 21 1 Dec 24 259

262 7.6.1 Tender for  all Silicon Modules components 27 Aug 21 8 Feb 22 Assemble and test of module with HGCROC-V3 391

263 7.6.2 Silicon Module components orders placed (HL) CE.MO.7 4 Feb 22 4 Feb 22 Tender for  all Silicon Modules components 409

264 7.6.3 Silicon Modules Pre-Production 1 Aug 22 29 Dec 22 Hexaboard production testing 350

265 7.6.4 Silicon Modules production 5% complete (HL) CE.MO.9 29 Dec 22 29 Dec 22 Silicon Modules Pre-Production 350

266 7.6.5 Silicon Modules Production first half 29 Dec 22 24 Dec 23 Silicon Modules production 5% complete (HL) 350

267 7.6.6 Silicon Modules production 50% complete (HL) CE.MO.10 24 Dec 23 24 Dec 23 Silicon Modules Production first half 350

268 7.6.7 Silicon Module production second half 24 Mar 24 1 Dec 24 Sensor production 100% complete (HL) 259

269 7.6.8 Silicon Module production 100% complete (HL) CE.MO.11 1 Dec 24 1 Dec 24 Silicon Module production second half 259

270 8 SiPM Scintillator Tile Modules 15 Dec 16 17 Sep 24 350

271 8.1 Baseline active material defined (HL) 15 Dec 16 15 Dec 16

272 8.2 Chose remote or on-tile SiPM (HL) 1 Mar 17 1 Mar 17 Baseline active material defined (HL)

273 8.3 Tile modules design and prototyping 28 Oct 19 24 Jan 22 446

274 8.3.1 Assemble prototype scintillator tile modules with H2GROC-V2 28 Oct 19 27 Nov 19 Assemble Tile Board with -V2 and basic tests 625

275 8.3.2 Tilemodules Performance evaluation with H2GCROC-V2 27 Nov 19 10 Feb 20 Assemble prototype scintillator tile modules with H2GROC-V2 625

276 8.3.3  Tilemodule tested with H2GCROC-V2 (HL) CE.SC.1a 29 Feb 20 29 Feb 20 Tilemodules Performance evaluation with H2GCROC-V2 625

277 8.3.4 Basic test of tilemodules with H2GCROC-V3 28 Jun 21 27 Aug 21 Assemble Tile Board with -V3 and basic tests 401

278 8.3.5 Evaluate performance of H2GCROC-V3 tile module 27 Aug 21 25 Dec 21 Basic test of tilemodules with H2GCROC-V3 401

279 8.3.6  H2GCROC-V3 tile module validated (HL) CE.SC.4 24 Jan 22 24 Jan 22 Evaluate performance of H2GCROC-V3 tile module 446

280 8.4 Setup tile modules assembly sites 10 Feb 20 26 Sep 21 716

281 8.4.1 Setup tile module lead assembly site 10 Feb 20 6 Nov 20 Tilemodules Performance evaluation with H2GCROC-V2 845

282 8.4.2 Tile module assembly lead site ready and procedure validated with -V2 
systems.

6 Nov 20 6 Nov 20 Setup tile module lead assembly site 845

283 8.4.3 Tile board assembly lead site and procedures set-up (HL) CE.SC.5 6 Nov 20 6 Nov 20 Setup tile module lead assembly site 1040

284 8.4.4 Setup tile module assembly sites 8 Aug 20 20 May 21 Tile module assembly lead site ready and procedure validated with 
-V2 systems.

845

285 8.4.5 Tile module assembly sites ready and  procedure validated with -V3 systems. 26 Sep 21 26 Sep 21 H2GCROC-V3 performance evaluation 716

286 8.4.6 All tile board assembly sites and procedures setup (HL) CE.SC.7 26 Sep 21 26 Sep 21 Tile module assembly sites ready and  procedure validated with 
-V3 systems.

716

287 8.5 Tile Module Production 24 Jan 22 17 Sep 24 350

288 8.5.1 Tile module components orders placed (HL) CE.SC.6 24 Jan 22 24 Jan 22  H2GCROC-V3 tile module validated (HL) 446

289 8.5.2 Other tile module components purchase 24 Jan 22 23 Jul 22 Tile module components orders placed (HL) 446

290 8.5.3 Test  tile module with final H2GCROC 2 Jun 22 23 Jun 22 Tile Electronics Board qualified 446

291 8.5.4 Final tile module qualified (HL) CE.SC.8 23 Jun 22 23 Jun 22 Test  tile module with final H2GCROC 446

292 8.5.5 Tile Module Manufacture 23 Jul 22 17 Sep 24 350

293 8.5.5.1 Tile module preproduction : ready to start 23 Jul 22 23 Jul 22 Other tile module components purchase 446

294 8.5.5.2 Tile module Pre-Production 28 Oct 22 27 Mar 23 Tile Electronics Board preproduction testing 350

295 8.5.5.3 Tile module production 5% complete (HL) CE.SC.9 27 Mar 23 27 Mar 23 Tile module Pre-Production 380

296 8.5.5.4 Tile module Production first half 26 Apr 23 21 Jan 24 Tile Electronics Board bulk testing 350

297 8.5.5.5 Tile module production 50% complete (HL) CE.SC.10 21 Jan 24 21 Jan 24 Tile module Production first half 350

298 8.5.5.6 Tile Module production second half 21 Jan 24 17 Sep 24 Tile module production 50% complete (HL) 350

299 8.5.5.7 Tile module production 100% complete (HL) CE.SC.11 17 Sep 24 17 Sep 24 Tile Module production second half 350

300 9 CE-E and CE-H Electronics system  for on detector (including links, 
concentrator,..)

15 Dec 16 19 May 24 1161

301 9.1 Define preliminary architecture for LV + links and on-module components (HL) 15 Dec 16 15 Dec 16

302 9.2 Results from 8/16 layer CE-E prototype with SKIROC2 15 Dec 16 15 Dec 16

303 9.3 Results from 10-layer Si modules + 12-layer SiPM-on-tile modules with 
SKIROC2-CMS (HL)

15 Oct 17 15 Oct 17

304 9.4 Results from a  CE prototype using SKIROC2-CMS (HL) CE.EL.2 30 Nov 18 30 Nov 18

305 9.5 Electronics system baseline architecture established 14 Feb 20 14 Feb 20

306 9.6 FE System -V2 15 Aug 20 24 May 21 2253

307 9.6.1 Test system with H(2)GCROC-V2 and emulator 15 Aug 20 25 Nov 20 Develop emulator and firmware to test HGCROC-V2 system 487

308 9.6.2 H(2)GCROC-V2 + emulator  system tested (HL) CE.EL.3 25 Nov 20 25 Nov 20 Test system with H(2)GCROC-V2 and emulator 487

309 9.6.3  Continue tests with CE-E and CE-H prototypes with HGCROC-V2 25 Nov 20 24 May 21 H(2)GCROC-V2 + emulator  system tested (HL) 2253

310 9.7 FE System -V3 30 Jul 21 2 Apr 22 1940

311 9.7.1 Test system with H(2)GCROC-V3  and Concentrator P1 30 Jul 21 4 Oct 21 ECON D1 ASIC basic tests 382

312 9.7.2 H(2)GCROC-V3 + Concentrator P1 system validated (HL) CE.EL.4 4 Oct 21 4 Oct 21 Test system with H(2)GCROC-V3  and Concentrator P1 382

313 9.7.3 Continue tests with CE-E and CE-H prototypes with HGCROC-V3 4 Oct 21 2 Apr 22 H(2)GCROC-V3 + Concentrator P1 system validated (HL) 1940

314 9.8 Final system 27 Sep 22 27 Sep 22 350

315 9.8.1 Final system qualified (HL) CE.EL.8 27 Sep 22 27 Sep 22 Final Motherboard qualified (HL) 350

316 9.9 Other components (optomodules,...) procurement 27 Sep 22 19 May 24 Final system qualified (HL) 1161

317 10 Cassettes 27 Sep 17 15 Jan 25 920

318 10.1 Prototyping 27 Sep 17 23 Feb 22 1978

319 10.1.1 Test of cassette mock-up 27 Sep 17 23 Aug 18 1397

320 10.1.2 First thermo-electro-mechanical prototype test (HL) CE.CS.1 23 Aug 18 23 Aug 18 Test of cassette mock-up 1397

321 10.1.3 Test cassette with HGCROC-V2 and Concentrator Emulator 25 Nov 20 23 Feb 21 H(2)GCROC-V2 + emulator  system tested (HL) 572

322 10.1.4 Cassette assembly pilot site and procedures setup (HL) CE.CS.2 23 Feb 21 23 Feb 21 Test cassette with HGCROC-V2 and Concentrator Emulator 572

323 10.1.5 Cassette tested  with HGCROC V2 and Concentrator Emulator (HL) CE.CS.3 23 Feb 21 23 Feb 21 Test cassette with HGCROC-V2 and Concentrator Emulator 872

324 10.1.6 Both cassette assembly sites and procedures qualified (HL) CE.CS.4 18 Feb 22 18 Feb 22 Cassette assembly pilot site and procedures setup (HL) 572

325 10.1.7 Continue performance evaluation Cassette HGCROC-V2 23 Feb 21 26 Oct 21 Test cassette with HGCROC V3 and Concentrator P1 2098

326 10.1.8 Test cassette with HGCROC V3 and Concentrator P1 26 Oct 21 23 Feb 22 Evaluate full performance with HGCROC-V3 module 627

327 10.1.9 Cassette validated with HGCROC V3 and Concentrator  P1(HL) CE.CS.5 23 Feb 22 23 Feb 22 Test cassette with HGCROC V3 and Concentrator P1 627

328 10.2 Production Site Preparation 23 Feb 21 26 Dec 22 350

329 10.2.1 CE-E Cassettes 23 Feb 21 26 Dec 22 350

330 10.2.1.1 CE-E Prepare Assembly Sites 23 Feb 21 20 Dec 21 Cassette assembly pilot site and procedures setup (HL) 632

331 10.2.1.2 Assemble and test CE-E cassette with final components 27 Sep 22 26 Dec 22 Final system qualified (HL) 350

332 10.2.1.3 Final CE-E cassette qualified 26 Dec 22 26 Dec 22 Assemble and test CE-E cassette with final components 350

333 10.2.2 CE-H- Cassettes 23 Feb 21 26 Dec 22 350

334 10.2.2.1 CE-H Prepare Assembly Sites 23 Feb 21 20 Dec 21 Cassette assembly pilot site and procedures setup (HL) 632

335 10.2.2.2 Assemble and test CE-H - cassette with final components 27 Sep 22 26 Dec 22 Final system qualified (HL) 350

336 10.2.2.3 Final CE-H - Mixed cassette qualified 26 Dec 22 26 Dec 22 Assemble and test CE-H - cassette with final components 350

337 10.3 Cassette Production 26 Oct 21 15 Jan 25 259

338 10.3.1 Final cassettes qualified (HL) CE.CS.6 26 Dec 22 26 Dec 22 Final CE-H - Mixed cassette qualified 350

339 10.3.2 Tender for Cassettes components 26 Oct 21 25 Mar 22 Cassette validated with HGCROC V3 and Concentrator  P1(HL) 627

340 10.3.3 Place orders for cassette components 26 Nov 22 26 Nov 22 Final cassettes qualified (HL) 380

341 10.3.4 Cassettes Preproduction 27 Dec 22 26 May 23 Tile module Pre-Production 350

342 10.3.5 Cassette production  5% complete (HL) CE.CS.7 26 May 23 26 May 23 Cassettes Preproduction 350

343 10.3.6 Cassette production first half 26 May 23 20 Feb 24 Cassette production  5% complete (HL) 350

344 10.3.7 Cassette production  50% complete (HL) CE.CS.8 20 Feb 24 20 Feb 24 Cassette production first half 350

345 10.3.8 Cassette Production second half 20 May 24 15 Jan 25 Silicon Module production 100% complete (HL) 259

346 10.3.9 Cassette production 100% complete (HL) CE.CS.9 15 Jan 25 15 Jan 25 Cassette Production second half 259

347 11 Mechanical Engineering 30 Jun 16 27 Jul 23 1458

348 11.1 EC-H absorber chosen (SS or Brass reuse) (HL) 30 Jun 16 30 Jun 16

349 11.2 CE-E mechanics internal review 31 Oct 16 31 Oct 16

350 11.3 CE-E mechanics structure selected (HL) 15 Dec 16 15 Dec 16 CE-E mechanics internal review

351 11.4 Decision on cold volume: silicon section only or full calorimeter (HL) 15 Dec 16 15 Dec 16

352 11.5 CE-H absorber structure defined (HL) 15 Mar 17 15 Mar 17

353 11.6 Mechanical  and thermal design of all HGCAL structures & services 15 Nov 18 21 Feb 20 TDR submitted (HL) 497

354 11.6.1 Decision on Longitudinal Structure 15 Nov 18 15 Nov 18 497

355 11.6.2 Design of EC Electromagnetic Calorimeter (CEE) Structure 15 Nov 18 12 Aug 19 Decision on Longitudinal Structure 691

356 11.6.3 Design of EC Hadron Calorimeter (CEH) Structure 15 Nov 18 8 Feb 20 Decision on Longitudinal Structure 511

357 11.6.4 Conceptual Design of CEH assembly tooling 15 Nov 18 21 Feb 20 Decision on Longitudinal Structure 497

358 11.6.5 Design of CEE assembly tooling 15 Nov 18 21 Feb 20 Decision on Longitudinal Structure 497

359 11.6.6 Design of suspension system (HGCAL to Back flange) 15 Nov 18 21 Feb 20 Decision on Longitudinal Structure 497

360 11.7 Mechanical Systems internal review 21 Feb 20 21 Feb 20 Conceptual Design of CEH assembly tooling 497

361 11.8 CE Mechanical design completed (HL) - Obsolete CE.EN.5 29 Feb 20 29 Feb 20 Mechanical Systems internal review 2702

362 11.9 CE-H Mechanical design completed (HL) CE.EN.5a 29 Feb 20 29 Feb 20 Mechanical Systems internal review 497

363 11.10 CE-H Production drawings 29 Feb 20 25 Nov 20 CE-H Mechanical design completed (HL) 497

364 11.11 CE-E Mechanical design completed (HL) CE.EN.5b 30 Nov 20 30 Nov 20 Mechanical Systems internal review 695

365 11.12 CE-E Production drawings 30 Nov 20 29 Apr 21 CE-E Mechanical design completed (HL) 695

366 11.13 HGCAL structures 15 Nov 18 27 Jul 23 1458

367 11.13.1 CEH Assembly tooling procurement 15 Nov 18 27 Dec 22 1671

368 11.13… Design of CEH Assembly tooling 15 Nov 18 29 Sep 20 Decision on Longitudinal Structure 1671

369 11.13… CE-H Assembly Tooling Tendering 29 Sep 20 7 Dec 20 Design of CEH Assembly tooling 1671

370 11.13… CE-H Assembly Tooling Procurement 7 Dec 20 27 Dec 22 CE-H Assembly Tooling Tendering 1671

371 11.13.2 CEE Assembly tooling procurement 25 Nov 20 29 Dec 21 796

372 11.13… Tendering 25 Nov 20 24 May 21 CE-H Production drawings 796

373 11.13… Tooling Procurement 24 May 21 29 Dec 21 Tendering 796

374 11.13.3 CEH support structure procurement and assembly 25 Nov 20 27 Jul 23 617

375 11.13… CE-H support structure Tendering 25 Nov 20 31 May 21 CE-H Production drawings 497

376 11.13… CE-H support structure procurement and assembly 31 May 21 28 Dec 22 CE-H support structure Tendering 497

377 11.13… SX5 area available for CE-H assembly (EM) 28 Feb 21 28 Feb 21

378 11.13… CE-H (HGCAL1) absorber received 31 Aug 22 31 Aug 22 CE-H support structure procurement and assembly 497

379 11.13… CE-H All absorbers received (HL) CE.EN.7 28 Dec 22 28 Dec 22 CE-H support structure procurement and assembly 709

380 11.13… CE-H (HGCAL1) Structures assembly 29 Nov 22 29 Mar 23 CE-H (HGCAL1) absorber received 497

381 11.13… CE-H (HGCAL1) structure completed 29 Mar 23 29 Mar 23 CE-H (HGCAL1) Structures assembly 497

382 11.13… CE-H (HGCAL2) Structures assembly 29 Mar 23 27 Jul 23 CE-H (HGCAL1) structure completed 617

383 11.13… CE-H structures completed (HL) CE.EN.9 27 Jul 23 27 Jul 23 CE-H (HGCAL2) Structures assembly 617

384 11.13.4 CEE Support structure procurement and assembly 29 Apr 21 20 Nov 22 866

385 11.13… CE-E support structure Tendering 29 Apr 21 25 Dec 21 CE-E Production drawings 695

386 11.13… CE-E support structure Procurement 25 Dec 21 8 Jun 22 CE-E support structure Tendering 695

387 11.13… CE-E (HGCAL1) support structures received 9 Apr 22 9 Apr 22 CE-E support structure Procurement 695

388 11.13… CE-E  All support structures received (HL) CE.EN.6 8 Jun 22 8 Jun 22 CE-E support structure Procurement 962

389 11.13… CE-E(HGCAL1) Support structures assembly 9 Apr 22 12 Sep 22 CE-E (HGCAL1) support structures received 695

390 11.13… CE-E(HGCAL2) Support structures assembly 12 Sep 22 20 Nov 22 CE-E (HGCAL1) Support structure assembled 866

391 11.13… CE-E (HGCAL1) Support structure assembled 12 Sep 22 12 Sep 22 CE-E(HGCAL1) Support structures assembly 695

392 11.13… CE-E Support structures completed (HL) CE.EN.8 20 Nov 22 20 Nov 22 CE-E(HGCAL2) Support structures assembly 866

393 12 Cooling 1 Mar 17 20 Apr 25 826

394 12.1 Draft specifications of the P5 HGCAL cooling system 1 Mar 17 31 May 18 5

395 12.2 P5 cooling plant specifications completed (HL) CE.CO.1 31 May 18 31 May 18 Draft specifications of the P5 HGCAL cooling system 5

396 12.3 Overall (on and off detector) Cooling design and analysis 27 Sep 17 16 Dec 19 1503

397 12.4 P5 cooling System 5 Jun 18 20 Apr 25 826

398 12.4.1 Design and sizing of the Demo plant (in common with CMS TK) 5 Jun 18 26 Mar 20 P5 cooling plant specifications completed (HL) 826

399 12.4.2 Cooling Demo plant designed (in common with CMS TK)  (HL) CE.CO.2 26 Mar 20 26 Mar 20 Design and sizing of the Demo plant (in common with CMS TK) 922

400 12.4.3 Cooling assembly of the Demo plant 31 May 19 27 Dec 20 Design and sizing of the Demo plant (in common with CMS TK) 826

401 12.4.4 Cooling Demo system built (HL) CE.CO.3 27 Dec 20 27 Dec 20 Cooling assembly of the Demo plant 826

402 12.4.5 Evaluation of Demo plant 27 Dec 20 23 Oct 21 Cooling Demo system built (HL) 826

403 12.4.6 Review of Demo cooling plant performance (HL) CE.CO.4 23 Oct 21 23 Oct 21 Evaluation of Demo plant 826

404 12.4.7 Design of final HGCAL cooling system 23 Oct 21 20 Jun 22 Review of Demo cooling plant performance (HL) 826

405 12.4.8 HGCAL cooling system design completed (HL) CE.CO.5 20 Jun 22 20 Jun 22 Design of final HGCAL cooling system 826

406 12.4.9 Cooling plants tenders 20 Jun 22 18 Sep 22 HGCAL cooling system design completed (HL) 826

407 12.4.10 Place orders 18 Sep 22 18 Sep 22 Cooling plants tenders 826

408 12.4.11 Cooling plants procurement and testing 18 Sep 22 6 Dec 24 Place orders 826

409 12.4.12 Cooling plants procurement completed (HL) CE.CO.6 6 Dec 24 6 Dec 24 Cooling plants procurement and testing 961

410 12.4.13 Cooling Installation and commissioning in the pit 11 Mar 24 20 Apr 25 Cooling plants procurement and testing 826

411 12.5 Main transfer lines, Main manifolds, YE transfer lines procurement 22 Mar 22 21 Dec 24 946

412 12.5.1 Tenders 22 Mar 22 17 Mar 23 Design of final HGCAL cooling system 946

413 12.5.2 Place orders 17 Mar 23 15 Jun 23 Tenders 946

414 12.5.3 Pipes and Manifolds Procurement 15 Jun 23 26 Mar 24 Place orders 946

415 12.5.4 Main Transfer lines procurement completed (HL) CE.CO.7 26 Mar 24 26 Mar 24 Pipes and Manifolds Procurement 946

416 12.5.5 Pipes and Manifolds Installation and test 26 Mar 24 21 Dec 24 Pipes and Manifolds Procurement 946

417 12.5.6 Main transfer lines, Main manifolds, YE transfer lines installation completed 
(HL)

CE.CO.8 21 Dec 24 21 Dec 24 Pipes and Manifolds Installation and test 946

418 12.6 Thermal Screen 1 Feb 18 11 Jun 23 972

419 12.6.1 Thermal Screen Design 1 Feb 18 24 Sep 19 1033

420 12.6.2 Thermal Screen design complete 24 Sep 19 24 Sep 19 Thermal Screen Design 1033

421 12.6.3 Tenders 21 Feb 20 19 Aug 20 Mechanical Systems internal review 972

422 12.6.4 Place Orders 18 Oct 20 17 Dec 20 Tenders 972

423 12.6.5 Thermal Screen Procurement 23 Mar 21 18 Mar 22 Place Orders 972

424 12.6.6 Contingency 18 Mar 22 11 Jun 23 Thermal Screen Procurement 972

425 12.6.7 Thermal Screen ready for  installation on HGCALs 11 Jun 23 11 Jun 23 Contingency 972

426 12.7 Dry Gas Syatem 1 Jun 18 4 Dec 24 963

427 12.7.1 Dry Gas System design and Analysis 1 Jun 18 31 May 20 1411

428 12.7.2 Dry Gas system design complete 31 May 20 31 May 20 Dry Gas System design and Analysis 1411

429 12.7.3 Dry Gas tenders and procurement 31 May 20 25 Feb 21 Dry Gas system design complete 1411

430 12.7.4 Install manifolds and Piping 19 May 22 4 Dec 24 Dry Gas tenders and procurement 963

431 12.7.5 Install system hardware and controls 19 May 22 4 Dec 24 Dry Gas tenders and procurement 963

432 12.8 Cooling system ready for connection to detector (HL) CE.CO.9 20 Apr 25 20 Apr 25 Cooling Installation and commissioning in the pit 826

433 13 TPG and Back End electronics 7 Dec 16 25 Mar 27 122

434 13.1 Pre-TDR 7 Dec 16 11 Oct 17 3574

435 13.1.1 Preliminary definition of event data (size, # links) available 7 Dec 16 7 Dec 16

436 13.1.2 Baseline TPG architecture defined (HL) CE.BE.1 31 Aug 17 31 Aug 17

437 13.1.3 Simulations results of performance of  algorithms and interfaces available (HL) CE.BE.2 28 Sep 17 28 Sep 17 3587

438 13.1.4 Definition of Trigger Raw data released (HL) CE.BE.3 11 Oct 17 11 Oct 17 3574

439 13.2 Prototypes &  demonstrators 15 Aug 17 11 Jan 22 425

440 13.2.1 Design prototype board. 15 Aug 17 11 Jul 18 379

441 13.2.2 Build prototype board 11 Jul 18 5 Aug 19 Design prototype board. 379

442 13.2.3 Test basic properties of prototype board 5 Aug 19 18 Dec 19 Build prototype board 379

443 13.2.4 Prototype  board basic h/w, f/w and s/w validated 18 Dec 19 18 Dec 19 Test basic properties of prototype board 379

444 13.2.5 Prototype-DTH/TCDS interface tests 18 Dec 19 17 Dec 20 Prototype  board basic h/w, f/w and s/w validated 509

445 13.2.6 Prototype-DTH/TCDS interface validated 17 Dec 20 17 Dec 20 Prototype-DTH/TCDS interface tests 509

446 13.2.7 Prototype-L1T interface tests 18 Dec 19 17 Dec 20 Prototype  board basic h/w, f/w and s/w validated 509

447 13.2.8 Prototype-L1T interface validated 17 Dec 20 17 Dec 20 Prototype-L1T interface tests 509

448 13.2.9 Prototype Emulator/LpGBT interface tests 16 Apr 20 26 Apr 21 Prototype  board basic h/w, f/w and s/w validated 379

449 13.2.10 Prototype Emulator/LpGBT interface demonstrated 26 Apr 21 26 Apr 21 Prototype Emulator/LpGBT interface tests 379

450 13.2.11 Prototype functions and interfaces validated (HL) CE.BE.4 26 Apr 21 26 Apr 21 Prototype Emulator/LpGBT interface tests 379

451 13.2.12 Write documentation for EDR 26 Apr 21 23 Oct 21 Prototype functions and interfaces validated (HL) 379

452 13.2.13 Specification of BE system documented  (HL) CE.BE.5 23 Oct 21 23 Oct 21 Write documentation for EDR 379

453 13.2.14 Prototype Concentrator V1/LpGBT interface tests 29 Aug 21 11 Jan 22 ECON D1 performance evaluation 425

454 13.2.15 Prototype Concentrator V1/LpGBT interface demonstrated 11 Jan 22 11 Jan 22 Prototype Concentrator V1/LpGBT interface tests 425

455 13.3 Pre-Production 3 Mar 18 22 Aug 25 700

456 13.3.1 Develop firmware for pre-production test TPG alogorithms 3 Mar 18 11 May 22 737

457 13.3.2 Firmware ready for system tests 11 May 22 11 May 22 Develop firmware for pre-production test TPG alogorithms 737

458 13.3.3 Design of  pre-production board 23 Oct 21 20 Feb 22 Specification of BE system documented  (HL) 379

459 13.3.4 Manufacture of pre-production board 20 Feb 22 20 Jun 22 Design of  pre-production board 379

460 13.3.5 Test basic properties of pre-production board. 20 Jun 22 20 Jul 22 Manufacture of pre-production board 379

461 13.3.6 Pre-production board basic h/w, f/w and s/w validated 20 Jul 22 20 Jul 22 Test basic properties of pre-production board. 379

462 13.3.7 Pre-production board DTH/TCDS interface test. 20 Jul 22 2 Dec 22 Pre-production board basic h/w, f/w and s/w validated 388

463 13.3.8 Pre-production board DTH/TCDS interface validated. 2 Dec 22 2 Dec 22 Pre-production board DTH/TCDS interface test. 388

464 13.3.9 Pre-production-L1T interface test. 20 Jul 22 2 Dec 22 Pre-production board basic h/w, f/w and s/w validated 379

465 13.3.10 Preproduction-L1T interface demonstrated 2 Dec 22 2 Dec 22 Pre-production-L1T interface test. 379

466 13.3.11 Pre-production Final Concentrator/LpGBT interface test. 20 Jul 22 3 Oct 22 Pre-production board basic h/w, f/w and s/w validated 448

467 13.3.12 Pre-production Final Concentrator/LpGBT interface validated. 3 Oct 22 3 Oct 22 Pre-production Final Concentrator/LpGBT interface test. 448

468 13.3.13 Preproduction functions and interfaces validated (HL) CE.BE.6 2 Dec 22 2 Dec 22 Preproduction-L1T interface demonstrated 388

469 13.3.14 Test pre-production multi-board system 20 Jul 22 18 Oct 22 Test basic properties of pre-production board. 433

470 13.3.15 Pre-production multi-board tests complete. 18 Oct 22 18 Oct 22 Test pre-production multi-board system 433

471 13.3.16 Test single crate slice 11 May 22 8 Oct 22 Develop firmware for pre-production test TPG alogorithms 737

472 13.3.17 Pre-production single crate slice test complete 8 Oct 22 8 Oct 22 Test single crate slice 737

473 13.3.18 Prepare documentation for production readiness review 2 Dec 22 21 Feb 23 Preproduction functions and interfaces validated (HL) 388

474 13.3.19 BE hardware production readiness review (HL) CE.BE.7 21 Feb 23 21 Feb 23 Prepare documentation for production readiness review 388

475 13.3.20 Preproduction HGCAL iuse for ntegration testing 23 Sep 24 22 Aug 25 Integration and test of HGCAL2 completed (HL) 700

476 13.4 Production 11 May… 4 Jun 25 775

477 13.4.1 Develop firmware for production test algorithms 11 May 22 18 Oct 23 Firmware ready for system tests 1583

478 13.4.2 Production firmware qualified 18 Oct 23 18 Oct 23 Develop firmware for production test algorithms 1583

479 13.4.3 Production Design 2 Dec 22 2 Mar 23 Preproduction-L1T interface demonstrated 379

480 13.4.4 Manufacture first production batch 2 Mar 23 30 Jun 23 Production Design 379

481 13.4.5 Test basic properties of  production boards 30 Jun 23 29 Aug 23 Manufacture first production batch 379

482 13.4.6 Production board basic h/w, f/w and s/w validated 29 Aug 23 29 Aug 23 Test basic properties of  production boards 379

483 13.4.7 Test full crate 29 Aug 23 27 Nov 23 Production board basic h/w, f/w and s/w validated 484

484 13.4.8 Production full crate test complete. 27 Nov 23 27 Nov 23 Test full crate 484

485 13.4.9 Production board DTH/TCDS interface tests. 29 Aug 23 11 Mar 24 Production board basic h/w, f/w and s/w validated 379

486 13.4.10 Production board DTH/TCDS interface validated. 11 Mar 24 11 Mar 24 Production board DTH/TCDS interface tests. 379

487 13.4.11 Production-L1T interface tests. 29 Aug 23 25 Feb 24 Production board basic h/w, f/w and s/w validated 394

488 13.4.12 Production-L1T interface validated 25 Feb 24 25 Feb 24 Production-L1T interface tests. 394

489 13.4.13 Production functions and interfaces validated (HL) CE.BE.8 11 Mar 24 11 Mar 24 Production board DTH/TCDS interface validated. 379

490 13.4.14 Test  first production  multi-crate slice 11 Mar 24 9 Jun 24 Production functions and interfaces validated (HL) 379

491 13.4.15 Production multi-crate slice test complete. 9 Jun 24 9 Jun 24 Test  first production  multi-crate slice 379

492 13.4.16 Manufacture remaining  production batches 11 Mar 24 4 Jun 25 Production functions and interfaces validated (HL) 433

493 13.4.17 BE electronics production complete (HL) CE.BE.9 4 Jun 25 4 Jun 25 Manufacture remaining  production batches 433

494 13.5 Final BE Systems 2 Jan 24 25 Mar 27 121

495 13.5.1 Prepare firmware for final TPG algorithms 2 Jan 24 14 Jul 25 739

496 13.5.2 P5-USC available to sub-systems 30 Nov 25 30 Nov 25 LS3 shutdown Day 1 80

497 13.5.3 Install BE for HGCAL1 in P5-USC 30 Nov 25 29 May 26 P5-USC available to sub-systems 80

498 13.5.4 BE for HGCAL1 installed in P5-USC 29 May 26 29 May 26 Install BE for HGCAL1 in P5-USC 80

499 13.5.5 Integrate HGCAL1 with central DAQ and L1T 29 May 26 24 Jan 27 Install BE for HGCAL1 in P5-USC 140

500 13.5.6 HGCAL1 integration with central DAQ and L1T complete. 24 Jan 27 24 Jan 27 Integrate HGCAL1 with central DAQ and L1T 140

501 13.5.7 Install BE for HGCAL2 in P5-USC 29 May 26 26 Sep 26 BE for HGCAL1 installed in P5-USC 80

502 13.5.8 BE for full HGCAL installed in P5-USC 26 Sep 26 26 Sep 26 Install BE for HGCAL2 in P5-USC 80

503 13.5.9 Integrate HGCAL2 with central DAQ and L1T 26 Sep 26 25 Mar 27 Install BE for HGCAL2 in P5-USC 80

504 13.5.10 HGCAL2 integration with central DAQ and L1T complete. 25 Mar 27 25 Mar 27 Integrate HGCAL2 with central DAQ and L1T 80

505 13.5.11 HGCAL integration with central DAQ and L1T complete  (HL) CE.BE.10 25 Mar 27 25 Mar 27 HGCAL2 integration with central DAQ and L1T complete. 80

506 14 LV and HV Systems 17 Nov 17 27 Aug 26 332

507 14.1 High Voltage 15 Sep 20 27 Aug 26 332

508 14.1.1 Silicon Detector Bias supplies system specifications defined (HL) CE.HV.1a 15 Sep 20 15 Sep 20 942

509 14.1.2 SiPM Bias supplies system specifications defined (HL) CE.HV.1b 30 Oct 20 30 Oct 20 990

510 14.1.3 Design assemble and test prototype bias distribution system for silicon 15 Sep 20 12 Jul 21 Silicon Detector Bias supplies system specifications defined (HL) 942

511 14.1.4 Design Design assemble and test prototype bias distribution system for SiPM 30 Oct 20 25 May 21 SiPM Bias supplies system specifications defined (HL) 990

512 14.1.5 Bias supply prototype system tested 12 Jul 21 12 Jul 21 Design assemble and test prototype bias distribution system for 
silicon

942

513 14.1.6 Design final system 12 Jul 21 8 Apr 22 Design assemble and test prototype bias distribution system for 
silicon

942

514 14.1.7 Valildate final system 25 Jun 22 21 May 23 Final silicon module qualified (HL) 864

515 14.1.8 Bias supply system qualified (HL) CE.HV.2 21 May 23 21 May 23 Valildate final system 864

516 14.1.9 Procurement and production bias power system 21 May… 11 Mar 25 Bias supply system qualified (HL) 864

517 14.1.9.1 Bias supplies production first half 21 May 23 15 May 24 864

518 14.1.9.2 Procurement Bias supplies 50% complete 15 May 24 15 May 24 Bias supplies production first half 864

519 14.1.9.3 Bias supplies production second half 15 May 24 11 Mar 25 Procurement Bias supplies 50% complete 864

520 14.1.10 Bias supplies production complete (HL) CE.HV.3 12 Mar 25 12 Mar 25 Procurement and production bias power system 865

521 14.1.11 P5 USC available for Bias supplies installation 30 Nov 25 30 Nov 25 LS3 shutdown Day 1 332

522 14.1.12 Bias supplies installation in P5-USC 30 Nov 25 27 Aug 26 P5 USC available for Bias supplies installation 332

523 14.1.13 Bias supplies installed and tested (HL) CE.HV.4 27 Aug 26 27 Aug 26 Bias supplies installation in P5-USC 332

524 14.2 20A DC DC converters (obsolete) 17 Nov 17 4 Jul 20 2577

525 14.2.1 Qualification of commercial solution (rad, B field) 17 Nov 17 16 May 18 2577

526 14.2.2 Adaptation of commercial device 16 May 18 12 Nov 18 Qualification of commercial solution (rad, B field) 2577

527 14.2.3 DC-DC Test of prototypes 12 Nov 18 10 Jul 19 Adaptation of commercial device 2577

528 14.2.4 DC-DC Production 10 Jul 19 6 Jan 20 DC-DC Test of prototypes 2577

529 14.2.5 DC-DC Testing 6 Jan 20 4 Jul 20 DC-DC Production 2577

530 14.3 Low Voltage Power Supplies 25 Nov 20 28 Mar 26 484

531 14.3.1 LV Power supply system  specifications defined (HL) CE.LV.1 25 Nov 20 25 Nov 20 Test system with H(2)GCROC-V2 and emulator 487

532 14.3.2 LV Design assemble and test prototype power distribution system 25 Nov 20 21 Oct 21 LV Power supply system  specifications defined (HL) 487

533 14.3.3 LV power prototype tested 21 Oct 21 21 Oct 21 LV Design assemble and test prototype power distribution system 2103

534 14.3.4 Design final system 21 Oct 21 19 Apr 22 LV Design assemble and test prototype power distribution system 487

535 14.3.5 Qualify final system 19 Apr 22 16 Oct 22 Design final system 487

536 14.3.6 LV power supply system qualified (HL) CE.LV.2 16 Oct 22 16 Oct 22 Qualify final system 487

537 14.3.7 Procurement LV power system 14 Jan 23 4 Dec 24 963

538 14.3.7.1 Procurement LV power  system (15%) 14 Jan 23 11 Sep 23 LV power supply system qualified (HL) 487

539 14.3.7.2 Procurement LV power  system (50%) 11 Sep 23 8 May 24 Procurement LV power  system (15%) 963

540 14.3.7.3 Procurement LV power  system (100%) 8 May 24 4 Dec 24 Procurement LV power  system (50%) 963

541 14.3.8 LV power supply production complete  (HL) CE.LV.3 4 Dec 24 4 Dec 24 Procurement LV power  system (100%) 963

542 14.3.9 Tower Racks available for LV installation 1 Jul 25 1 Jul 25 484

543 14.3.10 LV power installation in Tower Racks 1 Jul 25 28 Mar 26 Tower Racks available for LV installation 484

544 14.3.11 LV power suply system installed and tested (HL) CE.LV.4 28 Mar 26 28 Mar 26 LV power installation in Tower Racks 484

545 15 Detector Control System 1 Jan 19 5 Aug 25 719

546 15.1 System specifications 1 Jan 19 30 Oct 20 719

547 15.2 DCS system specifications defined (HL) CE.DC.1 30 Oct 20 30 Oct 20 System specifications 719

548 15.3 DCS system design 30 Oct 20 25 Oct 21 DCS system specifications defined (HL) 719

549 15.4 DCS system tenders 25 Oct 21 23 Apr 22 DCS system design 719

550 15.5 DCS system procurement 23 Apr 22 11 Jun 24 DCS system tenders 719

551 15.6 DCS system procurement complete (HL) CE.DC.2 11 Jun 24 11 Jun 24 DCS system procurement 719

552 15.7 DCS system assembly and test 10 Aug 24 5 Aug 25 DCS system procurement complete (HL) 719

553 15.8 DCS system ready (HL) CE.DC.3 5 Aug 25 5 Aug 25 DCS system assembly and test 719

554 16 Assembly & Commissioning 19 Sep 23 6 Sep 26 322

555 16.1 CE-E HGCAL1 Stacking of cassettes 23 Sep 23 20 Apr 24 Cassette production  50% complete (HL) 350

556 16.2 CE-E HGCAL1 Stacking of cassettes  completed (HL) CE.AS.1 20 Apr 24 20 Apr 24 CE-E HGCAL1 Stacking of cassettes 350

557 16.3 CE-H HGCAL1 Cassettes insertion 23 Sep 23 20 Apr 24 Cassette production  50% complete (HL) 350

558 16.4 CE-H HGCAL1 Cassettes insertion completed (HL) CE.AS.2 20 Apr 24 20 Apr 24 CE-H HGCAL1 Cassettes insertion 350

559 16.5 integration of CE-H1 part (sector by sector) 16 Dec 23 20 Apr 24 CE-H HGCAL1 Cassettes insertion completed (HL) 391

560 16.6 CE-E HGCAL1 mechanical assembly on CE-H1 20 Apr 24 4 May 24 CE-E HGCAL1 Stacking of cassettes  completed (HL) 391

561 16.7 integration of CE-E1 part and finishing 4 May 24 11 Jan 25 CE-E HGCAL1 mechanical assembly on CE-H1 391

562 16.8 Sectors tests HGCAL1 (room T) 9 Jun 24 19 Jan 25 Production multi-crate slice test complete. 379

563 16.9 Integration and test of HGCAL1 completed (HL) CE.AS.3 19 Jan 25 19 Jan 25 Sectors tests HGCAL1 (room T) 379

564 16.10 ME0 1 ready for installation (EM) 19 Sep 23 19 Sep 23 789

565 16.11 ME0 sectors integration in HGCAL1 21 Mar 24 20 Apr 24 integration of CE-H1 part (sector by sector) 659

566 16.12 HGCAL1  thermal enclosure installation 19 Jan 25 18 Feb 25 Integration and test of HGCAL1 completed (HL) 379

567 16.13 HGCAL1 cold tests 18 Feb 25 19 May 25 HGCAL1  thermal enclosure installation 379

568 16.14 HGCAL1 Testing completed and ready for Lowering (HL) CE.AS.7 19 May 25 19 May 25 HGCAL1 cold tests 427

569 16.15 Continuation of HGCAL1 surface commissioning awaiting TC request for 
Lowering

19 May 25 26 Jul 26 From CMS Master Schedule: Lowering of HGCAL1 (HL) 364

570 16.16 From CMS Master Schedule: Lowering of HGCAL1 (HL) CE.EM.1 26 Jul 26 26 Jul 26 LS3 shutdown Day 1

571 16.17 CE-E HGCAL2 Stacking of cassettes 19 Jul 24 14 Feb 25 Cassette production 100% complete (HL) 259

572 16.18 CE-E HGCAL2 Stacking of cassettes completed (HL) CE.AS.4 14 Feb 25 14 Feb 25 CE-E HGCAL2 Stacking of cassettes 259

573 16.19 CE-H HGCAL2 Cassette insertion 19 Jul 24 14 Feb 25 Cassette production 100% complete (HL) 259

574 16.20 CE-H HGCAL2 Cassette insertion completed (HL) CE.AS.5 14 Feb 25 14 Feb 25 CE-H HGCAL2 Cassette insertion 259

575 16.21 integration of CE-H2 part (sector by sector) 22 Nov 24 14 Feb 25 CE-E HGCAL2 Stacking of cassettes completed (HL) 259

576 16.22 CE-E HGCAL2 mechanical assembly on CE-H2 14 Feb 25 28 Feb 25 CE-E HGCAL2 Stacking of cassettes completed (HL) 259

577 16.23 integration of CE-E2 part and finishing 28 Feb 25 1 Aug 25 CE-E HGCAL2 mechanical assembly on CE-H2 259

578 16.24 Sectors test HGCAL2 (room T) 21 Mar 25 22 Aug 25 integration of CE-E2 part and finishing 259

# WBS 
Code
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Planned 
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coupled with 256.
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HGCAL	Organization
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Summary
•NCU	and	NTU	have	joined	HGCAL	project,	
part	of	phase	2	upgrade	of	CMS,	and	actively	
participating	beamtest	and	R&D	tasks.	

•Taiwan	MAC	will	produce	5,000	of	30,000	
silicon	modules	within	2.5	years	before	
HGCAL	is	installed	in	2025.	

•We	have	also	participated	HGCAL	data	
analysis	in	testbeam,	detector	level	
performance	and	phase	2	simulation	events	
(DPG).	
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