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Physics motivation
‣ Extending searches of Lepton Flavour Universality (LFU) particularly in  is one of 

the main goals  

‣ Have an efficient and precise  (and ) identification is fundamental

b → sℓ+ℓ−

e γ
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LHCb Upgrade I calorimeters
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Figure 6.21: Lateral segmentation of the SPD/PS and ECAL (left) and the HCAL (right). One
quarter of the detector front face is shown. In the left figure the cell dimensions are given for the
ECAL.

6.2.1 General detector structure

A classical structure of an electromagnetic calorimeter (ECAL) followed by a hadron calorimeter
(HCAL) has been adopted. The most demanding identification is that of electrons. Within the
bandwidth allocated to the electron trigger (cf. section 7.1.2) the electron Level 0 trigger is required
to reject 99% of the inelastic pp interactions while providing an enrichment factor of at least 15
in b events. This is accomplished through the selection of electrons of large transverse energy
ET . The rejection of a high background of charged pions requires longitudinal segmentation
of the electromagnetic shower detection, i.e. a preshower detector (PS) followed by the main
section of the ECAL. The choice of the lead thickness results from a compromise between
trigger performance and ultimate energy resolution [122]. The electron trigger must also reject a
background of p0’s with high ET . Such rejection is provided by the introduction, in front of the
PS, of a scintillator pad detector (SPD) plane used to select charged particles. A thin lead converter
is placed between SPD and PS detectors. At Level 0, the background to the electron trigger will
then be dominated by photon conversions in the upstream spectrometer material, which cannot
be identified at this stage. Optimal energy resolution requires the full containment of the showers
from high energy photons. For this reason, the thickness of ECAL was chosen to be 25 radiation
lengths [123]. On the other hand, the trigger requirements on the HCAL resolution do not impose
a stringent hadronic shower containment condition. Its thickness is therefore set to 5.6 interaction
lengths [124] due to space limitations.

The PS/SPD, ECAL and HCAL adopt a variable lateral segmentation (shown in figure 6.21)
since the hit density varies by two orders of magnitude over the calorimeter surface. A segmenta-
tion into three different sections has been chosen for the ECAL and projectively for the SPD/PS.
Given the dimensions of the hadronic showers, the HCAL is segmented into two zones with larger
cell sizes.

All calorimeters follow the same basic principle: scintillation light is transmitted to a Photo-
Multiplier (PMT) by wavelength-shifting (WLS) fibres. The single fibres for the SPD/PS cells are
read out using multianode photomultiplier tubes (MAPMT), while the fibre bunches in the ECAL
and HCAL modules require individual phototubes. In order to have a constant ET scale the gain in
the ECAL and HCAL phototubes is set in proportion to their distance from the beampipe. Since
the light yield delivered by the HCAL module is a factor 30 less than that of the ECAL, the HCAL
tubes operate at higher gain.
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‣ The electronic calorimeter 
(ECAL) is composed by 
modules of lead absorber 
and plastic scintillator  

‣ Considering the cell size, 
the ECAL is divided in 
three regions  

- The hadronic (HCAL) 
one has only two regions

ECAL

HCAL
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LHCb calorimeter reconstruction
‣ Energy deposits are clusterised using Cellular 

Automaton algorithm 

- Choose cell with the highest energy deposit  
cluster barycenter 

‣ Obtain cluster energy and position as

→

4

Cluster

yb =
1
ε ∑ yiεiε = ∑ εi xb =

1
ε ∑ xiεi

‣ Photon clusters are selected matching 
tracks  

‣ Tracks extrapolated to the CALO reference 
plane and then matched with the 
reconstructed clusters

e
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Figure 10.5: Invariant mass plots for the reconstruction of J/y ! µ+µ� decays in B0
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signal events.

0.01 

0.02 

0.03 

0.04 

0.05 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
0 

electrons 

hadrons

Ecluster / ptrack

ar
b
it

ra
ry

 s
ca

le

E1

E2

E0

p

Magnet ECAL

e

γ

γ

Figure 10.6: The ratio of uncorrected energy
of the charged cluster in ECAL to the momen-
tum of reconstructed tracks for electrons (open
histogram) and hadrons (shaded histogram).

Figure 10.7: Schematic illustration of
bremsstrahlung correction.

Further improvement in electron identification is obtained by using the track energy depo-
sition in the preshower detector and the deposition of the energy along the extrapolated particle
trajectory in the hadronic calorimeter HCAL.

For particle identification, the calorimeter information is combined with that from the RICH
and muon detectors.

To illustrate the performance of electron reconstruction, the J/y mass plot for the decay
J/y ! e+e� is shown as open points in figure 10.8. The signal is fitted with a function plus a
radiative tail, to account for the imperfect correction of bremsstrahlung. The background tracks are

– 183 –

4.1. � AND e± DETECTION IN THE LHCB EXPERIMENT 37

4.1.5.1 Energy measurement:125

The energy of the � or electron (Ecorr) is evaluated from the total energy of the 3x3

cluster (E3x3) but needs to be corrected from leakages according to the following relation:

Ecorr = ↵E3x3 (4.11)

Where the ↵ parameter accounts for lateral and longitudinal energy leakages in the

ECAL and it is evaluated so that Ecorr matches on average the true energy of the MC

particle. The ↵ parameter depends on the total energy of the 3x3 cluster (E3x3), on the

relative position of the barycenter inside the ECAL cluster and on the relative position

of the barycenter inside the ECAL module frame. It can be decomposed into three

di↵erent terms:

↵ = ↵1(E3x3)⇥ ↵2(rb/cluster)⇥ ↵3(rb/module) (4.12)

where ↵1 accounts for global energy leakages and ↵2 and ↵3 account for the energy lost126

due to the transversal shower extension outside the 3x3 cluster area and the energy in-127

side the dead material between ECAL modules respectively, as illustrated in Figure 4.2.128

All the corrections depend on the ECAL region and on the cluster mask shape we are129

using for the clusterisation procedure.130

3x3 cluster

3x3 cluster 3x3 cluster

rb

   ECAL
 module 1

  ECAL
module 2

  ECAL 
module 3

shower
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Figure 4.2: Visual representation of the energy corrections ↵2 (figure a) and ↵3 (figure
b).

Photon energy
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CALO reconstruction in Run 3

‣ Study different shapes of clusters for the reconstruction

5

UPGRADE CONDITIONS

4

‣ Higher luminosity in Run 3: 

1. Higher occupancy  more 
overlap between neighbour 
clusters 

2. Pile-up effects  more hits in 
the detector cells increasing 
read-out

→

→
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Cluster masks
‣ Study different mask shapes for the cluster reconstruction 

‣ Study energy and position resolution for each mask shape 

- ParticleGun MC = 1 photon per event pointing to the barycenter 
of the shower   

- Then using  2024 MC (WIP)

→

B → K*γ

6

MOTIVATION

HOW TO PROCEED? 

*

5

MOTIVATION

HOW TO PROCEED? 

*

5

3x3 Swiss Cross (SC)

This presentation
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Energy corrections
‣ The  shower is evaluated from the total energy of the 

cluster  

‣ However, there can be some leakage due to the shower 
position w.r. to the cluster 

γ/e
Ecluster

→ Ecorr = αEcluster

7
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Energy resolution after correction

8

Ecorr = α1Ecluster

0.2− 0 0.2
(energyCluster - energy)/energy

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08
Entries  160599
Mean  0.0236− 
Std Dev    0.0597

3x3

SwissCross

0.2− 0 0.2
(energyCluster - energy)/energy

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07 Entries  71102
Mean  0.0335− 
Std Dev    0.0534

3x3

SwissCross

0.2− 0 0.2
(energyCluster*alpha1 - energy)/energy
0

0.01
0.02
0.03
0.04
0.05

0.06
0.07
0.08 Entries  146369

Mean  0.00622− 
Std Dev    0.0581

3x3

SwissCross

0.2− 0 0.2
(energyCluster*alpha1 - energy)/energy
0

0.01
0.02
0.03
0.04
0.05
0.06
0.07
0.08
0.09

Entries  55869
Mean  0.0106− 
Std Dev    0.0496

3x3

SwissCross

(α1 ⋅ Ecluster − Etrue)/Etrue

(α1 ⋅ Ecluster − Etrue)/Etrue

0.2− 0 0.2
(energyCluster - energy)/energy

0
0.01
0.02
0.03
0.04
0.05

0.06
0.07
0.08 Entries  319529

Mean  0.0184− 
Std Dev    0.0711

3x3

SwissCross

0.2− 0 0.2
(energyCluster*alpha1 - energy)/energy
0

0.01
0.02
0.03
0.04
0.05

0.06
0.07
0.08 Entries  319529

Mean  0.00937− 
Std Dev    0.0722

3x3

SwissCross

(α1 ⋅ Ecluster − Etrue)/Etrue

(α1 ⋅ Ecluster − Etrue)/Etrue

(α1 ⋅ Ecluster − Etrue)/Etrue

(α1 ⋅ Ecluster − Etrue)/Etrue

Inner Middle Outer

Af
te

r c
or

re
ct

io
n



A. Gioventù LHCb Upgrade I CALO reconstruction 02/10/24

Position reconstruction
‣ The barycenter position is 

extrapolated from the tracks and the 
ECAL plane 

‣ The reconstructed position has to 
match the simulation 

‣ Different steps of corrections: 

- Longitudinal (L) correction  

- S shape corrections 

‣ Correct all coordinates for the three 
CALO regions (inner, middle, outer) 
and the two masks (3x3 and SC)

9
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Longitudinal correction (L)
‣ The longitudinal position is obtained as the ECAL position  

scaled for the penetration depth of the photon as 
-

zECAL

zL = γ0 ln E + δ0

10

ztrue = γ0 ln Ecluster + δ0

‣ Then the extrapolated value of the transversal coordinates  has 
to be corrected as 

-

xi ( = x, y)

(xi)L = (xi)extrap +
pxi

pz
(zL − zvertex) z_{\rm vertex} is 
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Longitudinal correction (L)

11
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S corrections
‣ “Straighten” the S shape by 

correcting the reconstructed 
 variables  

‣ Assuming the transversal 
profile to decrease 
exponentially, it is corrected 
by                                                  
 
 
 
 
that solve the system
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S corrections
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Angular correction

‣ The cluster position 
depends also on the 
incidence angle, so it must 
be corrected accordingly.  

‣ The residual  is 
studied w.r. to 

  

‣ The reconstructed 
coordinate is corrected as 

xS
reco − xL

true

θxi
= tan−1 (

pxi

pz )

xang
i = xS

i − a1θxi
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Residual correction
‣ Looking the residual   correction needed  

‣ Correct using 

xang
i − xL

i
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Final result
‣ Reconstructed position after applying all corrections
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Position resolution
‣ Once obtained and applied the corrections, check the position 

resolution 

‣ Swiss Cross mask: expecting higher resolution for higher 
multiplicities

17

ECAL region 3x3 stack (%) 3x3 new (%) SC new (%)

x
inner 11.27 ± 0.03 10.74 ± 0.03 9.86 ± 0.03
middle 13.05 ± 0.02 13.45 ± 0.02 12.63 ± 0.02
outer 14.00 ± 0.02 14.67 ± 0.02 13.94 ± 0.02

y
inner 10.34 ± 0.03 10.28 ± 0.03 9.58 ± 0.03
middle 12.81 ± 0.02 13.00 ± 0.02 12.20 ± 0.02
outer 14.05 ± 0.02 14.89 ± 0.02 14.06 ± 0.02
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Prospects and conclusions
‣ Electrons (and photons) have an important role in the LHCb 

Upgrade I physics program  efficient CALO reconstruction 
needed 

‣ Run 3 conditions with higher multiplicity and pile-up  study 
new cluster mask shape: Swiss Cross (SC) 

‣ Considering only one photon per event the two shapes has very 
similar position resolutions  improvements in new corrections 

‣ Studies with higher multiplicity ongoing  expect the SC shape 
to have a better resolution

→

→

→

→
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L correction x
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L correction y
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S correction x
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