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CMS HCAL

HCAL phase 1 upgrade

HCAL energy reconstructions take QIE charges 
as inputs and output reconstructed energies

Reconstruction Performance

ML Reconstruction
• Digitized charge in 8 bunch crossing (BX)

• Current BX (BX0): 75-100 ns

(Time sample 3) ∼60% total charge

• BX+1: 100-125 ns, ∼20% total charge

Method 0

• Used in Run1 (50 ns bunch spacing)

• Energy = (QBX0 + QBX+1) x scale factors
Method 2

• Used offline in 2016 and 2017

• Fit up to 3 pulses to 8 TS

• Extract the amplitude and arrival time 

of the pulse by minimizing

Method 3

• Used online in 2016 and 2017

• Assumes on-edge pulse arrival

• 3 pulses for 3 TS à solving linear equations

MAHI

• Minimization At HCAL, Iteratively

• Used online and offline since 2018

• Assumes on-edge pulse arrival

• Fit up to 8 pulses to 8 TS

• Matrix based minimization with

Non-Negative Least Square algorithm

Energy response of M0, M2, and MAHI, measured with charged pions, 
using (tracker momentum - ECAL energy) as a reference

Resolution of missing transverse energy (MET) in 
CMS ECAL & HCAL as a function of Z boson pT

Reconstruction Algorithms

DLPHIN

• Deep Learning Processes for HCAL INtegration

• Novel architecture based on 2D CNN

• Dim. 1: digitized charge in 8 BX

• Dim. 2: depth à exploit correlations

among channels in an HCAL tower

• More than 3 times faster than MAHI

• Better perform from upstream to downstream

Channel-level à single particle-level à jet-level

• Will benefit almost all physics analyses

Channel-level Resolution

• Compare reconstructed and simulated energy

• MAHI: not fitting pulse arrival time

Bad performance at high energy

• M2: too slow - only fits up to 3 pulses

Bad performance at low energy

• DLPHIN: better resolution at both low and high energy

Jet-level Resolution

• Compare reconstructed and 

generated jet pT

• Particle flow jet resolution 

driven by tracker at low pT

• At high pT , DLPHIN improves 

resolution by 5% / 10% in 

barrel / endcap

• Also better lepton & photon 

isolation and MET resolution


