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High Luminosity LHC (HL-LHC)
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Why the HGCAL?

. Absorbed dose at the end of HL-LHC
B CMS endcap calorimeters must be replaced CMS p-p collisions at 7 TeV per beam
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Why the HGCAL?

140 PU interacti‘ons event

m Ability to disentangle simultaneous
collisions

® High granularity

® Precise timing information
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The High Granularity CALorimeter

‘ SUPERCONDUCTING SOLENOID
A Niobium titanium coil carrying ~18,000A
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The High Granularity CALorimeter
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The High Granularity CALorimeter
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The High Granularity CALorimeter

26 layers 21 layers
Cu/CuW/Pb Steel/Cu
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The High Granularity CALorimeter

m Silicon sensors in high-radiation regions
O 6M channels

o Cell size: -0.5 or 1 cm?

26 layers 21 layers
Cu/CuW/Pb Steel/Cu Hexaboard
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The High Granularity CALorimeter

m Silicon sensors in high-radiation regions
O 6M channels

o Cell size: -0.5 or 1 cm?

m Scintillating tiles + on-tile SiPM in low-
radiation area

O 240k tiles

o Cell sizes from -4 to 30 cm?

Neutron moderator

Tileboard
26 layers 21 layers
. . e Wrapped
A T INS / Si sensor e I
CuWwW
baseplate
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The High Granularity CALorimeter

/ 1}~ ® Silicon sensors in high-radiation regions
~ /////// O 6M channels

’;/'/// o Cell size: -0.5 or 1 cm?

: m Scintillating tiles + on-tile SiPM in low-

radiation area

O 240k tiles

1 o Cell sizes from -4 to 30 cm?

® Operated at -35°C

Neutron moderator

< > —> Tileboard
26 layers 21 layers
Cu/CuW/Pb Steel/Cu Hexaboard
: SO | o Wrapped
CuW I
baseplate
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Active layers and front-end electronics
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Active layers and front-end electronics
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Readout chain: HGCROC

Phase Decoded clock 40M
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m TSMC 130nm, Analogue and digital parts
m ., Wide dynamic range (0.2 fC = 10 pC)
N Fast shaping and precise timing measurement

m 72 channels = 3 or 6 HGCROCs per module
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Readout chain: HGCROC

4y —
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e o 1 DAQ path
|

: {9* ADC

| | Latency | | TOT | |

| PA > TOA manager encoding

I

| |

4] x78 channels (72 + 4 CM + 2 calibration channels)

m Charge / energy measurement
o ADC for small values (typically <1OOMIP)

o ToI TDC after pre-amplifier saturates

B Time measurement: ToA TDC, 25ps LSB
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Readout chain: HGCROC
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m Trigger data @4OMHz
O == Sum of 4 or 9 channels

o Energy compression with floating
point format
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Readout chain: HGCROC
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m DAQ readout
o Latency buffers (12.5 us)
o 750kHz average output rate
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Readout chain: Concentrators
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'
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&

®m Concentrator chips on mezzanines

30/09/24

o Covering full modules

o ECON-T for trigger data @4OMHz, after

data compression algorithms

o ECON-D for DAQ readout @750kHz
(average), zero-suppressed data
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Readout chain: transmission

Hexaboards Engines & Wagons - Off Detector

HGCROC 1.28Gbps e-links 1.28Gbps e-links 10.24 Gbps optical links

ECON Mezz

Sensor

) i
<_) gl
i
i
i

0 crams 2

Data Path _ + ECON-D
Trigger Path » ECON-T
: Corgrof & Timing

B e e 4 20 ThG 2 DAQ

B
h

| IpGBT M VTRx+ [« | © Back-End

LD: 3 HGCROCs / Hexaboard -]
HD: 6 HGCROCs / Hexaboard

A
2
nY]
@
&

Fast Commands + clock (320MHz)

® Transmission to the Backend electronics
o IpGBT chips & VTRx+ transceivers
o 10.24 Gbps optical links

o Data transmission + clock, fast commands, slow
control
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Readout chain: Back-end
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Readout chain: Back-end

Hexaboards Engines & Wagons - Off Detector
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Fast Commands + clock (320MHz)
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Testing the full chain — 2023 Test Beam campaign

30/09/24 LHC Days 2024 - )B Sauvan



Testing the full chain — 2023 Test Beam campaign

scintillators Si module 2
gg ’.s. module 1
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Testing the full chain — 2023 Test Beam campaign

scintillators I

absorbe

Si module 2

Si module 1
. S P
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Testing the full chain — 2023 Test Beam campaign

Concentrator LD wagons LD with 3 IpGBTs
mezzanine (only 2 were used)
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2023 Test Beam campaign - Selected results

Comparison between acquired and
emulated trigger data

ihs : 2, C ion of ECONT for TC : 30
105 | + ihs : 3, C energy distribution using Emulator for TC : 30

m First test beam with full vertical readout
chain in place

T T IIIIIII

m Trigger and DAQ path read out @100kHz ECONSTIFE = ‘
1o | FTCEnerey 80 _ Emulated TPG
o Scintillator and self-trigger P
. . . N __ o;;r:LZ‘TEnergy_;ga1
m 2 different ECON-T compression algorithms gz 2
|- [ Overflow 1031
1025—
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Compressed energy value
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2023 Test Beam campaign - Selected results

Comparison between acquired and

m First test beam with full vertical readout :
emulated trigger data

chain in place

100 | ; i 5, Copresed vty daolon sy Emitr 15 150
B Trigger and DAQ path read out @100kHz - ECONEIIFS ‘
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0 200 400 600 800
ADC after ped subtraction
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2023 Test Beam campaign - Selected results

Comparison between acquired and

m First test beam with full vertical readout :
emulated trigger data

chain in place

105 | + ihs : 3, C energy distribution using Emulator for TC : 30

m Trigger and DAQ path read out @100kHz i ECONETIFE = ‘
1o | FTCEnerey 80 _ Emulated TPG
o Scintillator and self-trigger P
. . . N __ O:aE_rrfrI::JVIvEnergy_:;g31
m 2 different ECON-T compression algorithms gz 2
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30/09/24 LHC Days 2024 - JB Sau AIDC Tt 28



Summer 2024 Test beam campaign

B SPS-H2 beam line

O muon & electron beams

m Larger scale systemn compared to last year
o 2 silicon layers w/ 3 modules
o 2 scintillator tileboards

O Readout at -200kHz, and 750kHz tests

m @ Operations in magnetic field up to 3T
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Summer 2024 Test beam campaign

B SPS-H2 beam line

O muon & electron beams

m Larger scale systemn compared to last year

o 2 silicon layers w/ 3 modules |
o 2 scintillator tileboards

0 Readout at -200kHz, and 750kHz tests

m @ Operations in magnetic field up to 3T

Standard deviation of ADC counts w/
200 GCeV electron beam

Front Layer

Back Layer
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Cassette assembly & testing preparation

Fermilab site

B Test beams with full readout chain =
first step towards cassette testing

B Pre-production cassette assembly
schedule in Jan.-May 2025

B Ongoing preparation of cassette
assembly centers

CERN site

M

- : i = - i = =
‘ Cold room" >

Scintillator
~ trigger
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Cassette assembly & testing preparation

B Test beams with full readout chain =
first step towards cassette testing

Assembled CE-E cassette mockup
JURE ir

B Pre-production cassette assembly
schedule in Jan.-May 2025

B Ongoing preparation of cassette
assembly centers

B Checking components integration,
connectivity, assembly process

CE-E proto cooling plate inserted in cold box
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Outlook: the HGCAL blossom

%
L
%
")
o
A A (RS TR (RS T

"

£ S

B Pivotal moment
B Designs becoming reality
B Production ramping up on all fronts

B Assembly of detector structures starting

PP //V r};}//i//l/ 5’
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