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The Phase 2 upgrades of the Compact Muon Solenoid (CMS) detector will enable the
detector to function in the environment of the High Luminosity Large Hadron Collider
(HL-LHC). Slated to begin operations in 2027, the HL-LHCwill have an instantaneous lu-

minosity of 5− 7.5× 1034 cm−2s−1, a projected total integrated luminosity of 3− 4.5 ab−1,
and 140− 200 pileup interactions per bunch crossing. These benchmarks significantly ex-
ceed those of the LHC, for which the current CMS detector was designed. The Phase 2
upgrade program largely encompasses improvements to the data acquisition (DAQ) sys-
tem to increase the Level-1 trigger accept rate from 100 to 750 kHz and replacements of
aging front endmaterials with new ones expected towithstand theHL-LHC total ionizing
dose and 1-MeV-equivalent neutron fluence in the CMS interaction region [1].

Central to the Phase 2 upgrades is the replacement of the current endcap (1.5 ≤ |η| ≤
3.0) calorimeter, consisting of a total absorption scintillating crystal electromagnetic sec-
tion followed by a brass and plastic scintillator sampling hadronic section, with the High
Granularity Calorimeter (HGCAL) [2], a 6M channel particle flow (PF) sampling calorime-
ter. TheHGCAL is a 50-layer sampling calorimeterwith 28 layers constituting a front elec-
tromagnetic section (CE-E) of 25 electromagnetic radiation lengths (X0) and 1.5 hadronic
interaction lengths (λI) thickness and 22 layers composing a rear hadronic section (CE-H)
of 7.8 λI thickness. Copper, tungsten, and lead are used as absorber materials in the CE-E,
while stainless steel is used in the CE-H. Detector planes equipped with either silicon sen-
sors or scintillator tiles with silicon photomultiplier (SiPM) readout are used. The silicon
sensors will account for ∼55% of the total active area, which is 1100 m2. The silicon is
divided into∼6 million channels with an area of either∼0.5 or∼1 cm2. The CE-H design
foresees ∼400,000 scintillator+SiPM channels. The longitudinal cross section of one half
of one endcap of the HGCAL design is shown in Figure 1.

The final phases of sensor prototyping will conclude by the end of 2021, with major
construction to begin in late 2021 and early 2022. Drawing on years of research and devel-
opment (R&D) pioneered by the linear e+e− collider community, the HGCAL will be the
largest PF calorimeter ever built, and the first to operate at a hadron collider. Through-
out the next decade, the lessons of the HGCAL project–how to construct high quality,
highly segmented calorimeters on a budget; and the utility of PF design at high luminos-
ity hadron colliders especially in pileup rejection and radiation tolerance–will be instru-
mental in efforts to adapt the PF technology to ambitious new experiments. The HGCAL
Collaboration supports continued investment in PF calorimetry, both in direct support of
HL-LHC construction and operations and at the R&D level, and continued communica-
tions between the e+e− and hadron collider calorimetry communities.
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Ac#ve	Elements:	
•  Hexagonal	modules	based	on	Si	sensors	

in	CE-E	and	high-radia6on	regions	of	CE-H	
•  “Casse9es”:	mul6ple	modules	mounted	on	

cooling	plates	with	electronics	and	absorbers	
•  Scin6lla6ng	6les	with	SiPM	readout	in	

low-radia6on	regions	of	CE-H	

Key	Parameters:	
•  CE	covers	1.5	<	η	<	3.0	
•  ~215	tonnes	per	endcap	
•  Full	system	maintained	at	-30oC	
•  ~600m2	of	silicon	sensors	
•  ~500m2	of	scin6llators	
•  6M	si	channels,	0.5	or	1	cm2	cell	size	
•  ~27000	si	modules	
•  Power	at	end	of	HL-LHC:	~110	kW		

per	endcap	

Electromagne6c	calorimeter	(CE-E):	Si,	Cu	&	CuW	&	Pb	absorbers,	28	layers,	25	X0	&	~1.3λ	
Hadronic	calorimeter	(CE-H):	Si	&	scin#llator,	steel	absorbers,	24	layers,	~8.5λ
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Figure 1: Longitudinal cross section of one half of one endcap of the proposed HGCAL
design. Reprinted from Ref. [2].
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