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The aim of the LHCb Upgrade II is to operate at a luminosity of up to 1.5 × 1034 cm−2s−1.
The required substantial modifications of the current LHCb ECAL due to high radiation doses in
the central region and increased particle densities are referred to as PicoCal. An enhancement
already during LS3 will reduce the occupancy and mitigate substantial ageing effects in the
central region after Run 3. R&D on several scintillating sampling ECAL technologies is currently
being performed: SpaCal with garnet scintillating crystals and tungsten absorber, SpaCal with
scintillating plastic fibres and tungsten or lead absorber, and Shashlik with polystyrene tiles, lead
absorber and fast WLS fibres.Time resolutions of better than 20 ps at high energy were observed
in test beam measurements of prototype SpaCal and Shashlik modules. The presentation will
also cover results from detailed simulations to optimise the design and physics performance of the
PicoCal.
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1. Introduction

The Large Hadron Collider (LHC) will undergo two significant long shutdown periods, LS3
(2026-2029) and LS4 (2033-2035), during which the LHCb experiment will execute two major
upgrades, Upgrade Ib and Upgrade II. As part of these upgrades, the LHCb electromagnetic
calorimeters (ECAL) will be enhanced to accommodate future experimental demands[1, 2].

During LS3, the radiation-damaged inner region of the ECAL will be replaced with Spaghetti
type Calorimeter (SpaCal) modules. For LS4, the LHC will transition into the high-luminosity
phase (HL-LHC), imposing stringent performance requirements on the ECAL. These requirements
include withstanding radiation doses of up to 1 MGy, mitigating the effects of high pile-up, and
maintaining the current energy resolution of 𝜎𝐸/𝐸 ≈ 10%/

√
𝐸 ⊕ 1%. To meet these demands,

several design modifications will be implemented, including a high-granularity structure with
integrated timing information to address pile-up challenges. The inner region of the ECAL will be
equipped with SpaCal modules featuring double-sided readout.

2. Technology

As mentioned above, the inner region of the ECAL will utilize SpaCal technology, while the
outer region will continue to employ the Shashlik design. Both SpaCal and Shashlik are sampling
calorimeter technologies, consisting of absorbers and scintillators. Table 1 details the configurations
for different SpaCal module types, with ongoing R&D efforts focused on the selection of absorbers
and scintillators (including GAGG crystal as a potential candidate). After LS4, both the inner and
outer regions of the ECAL will be capable of measuring time information, and it is likely that both
will incorporate double-sided readout.

Installation LS3 LS4 LS 3/4
Absorber Tungsten (W) Lead (Pb)
Cell Size 2 × 2 cm2 1.5 × 1.5 cm2 3 × 3 cm2

Scintillator plastic crystal plastic
Moliere radius 1.8 cm 1.46 cm ≈ 3 cm

Table 1: Configuration for different SpaCal modules inside the inner region

3. Testbeam and simulation

Beam test facilities at DESY and SPS are utilized to evaluate the performance of the ECAL
prototypes. At DESY, high-purity electron beams with energies ranging from 1 GeV to 5 GeV are
available, while SPS provides electron beams between 20 GeV and 100 GeV. Energy and timing
resolutions are measured across different energy points. The energy resolution can be described
by the equation 𝜎𝐸/𝐸 = 𝛼/

√
𝐸 ⊕ 𝛽/𝐸 ⊕ 𝛾, where 𝛼 represents the sampling term, 𝛽 the noise

term, and 𝛾 the constant term and ⊕ means quadratic sum. Similarly, the timing resolution is also
characterized.
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To date, multiple prototypes have been tested, with results summarized in Table 1. These
measurements demonstrate that a timing resolution on the order of O(10 ps) has been achieved,
with energy resolution values aligning closely with the target goals.

Prototype
Energy resolution

𝐸20 ps
∗

sampling term constant term
SpaCal (tungsten + garnet crystal )[3] 10.2% 1% − 2% 5 GeV

SpaCal (tungsten + polystyrene ) 9.9% 1.1% 40 GeV
SpaCal (lead + polystyrene ) 10% 1.16% 20 GeV

Shashlik 40 GeV
∗Energy above which time resolution is smaller than 20 ps

Table 2: Energy resolution and time resolution measured during testbeam

A dedicated simulation framework has been developed to support further R&D on the proto-
types. This framework includes a complete re-implementation of the geometry and readout systems,
allowing for modular scalability. It also employs a parameterization of optical transport to enhance
computational efficiency. Comparisons between beam test results and simulations have shown
excellent agreement.

4. Conclusion

The planned upgrades to the LHCb electromagnetic calorimeter during LS3 and LS4 are
essential for maintaining detector performance in the high-radiation, high-luminosity environment
of the HL-LHC. The introduction of SpaCal modules, alongside Shashlik modules, will enhance
both energy resolution and timing precision, meeting the stringent demands of future operations.

Beam tests at DESY and SPS have confirmed the prototypes’ ability to achieve the required
energy and time resolutions, with further optimizations supported by simulations. These upgrades
will ensure the LHCb detector remains effective in the HL-LHC era.
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