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1 Scientific context15

The Future Circular Collider (FCC-ee) [1] aims at collecting unprecedented16

large samples of Z, W , Higgs and top decays in an experimentally clean en-17

vironment, allowing a completeness electroweak test of the Standard Model.18

Among the electroweak tests one finds a comprehensive Flavour programme19

at the Z0 pole benefitting in particular of the abundant production of20

boosted ω leptons from Z decays and of all heavy-flavoured beauty and21

charm hadrons. By contrast withB-factories, these hadrons are also boosted,22

allowing the collection of very pure signal candidates samples reconstructed23

by hermetic detectors. Among the heavy-flavoured hadron decays of interest24

for advancing the knowledge on the CP symmetry breaking and the CKM25

profile, as well as the search for Beyond Standard Model (BSM) amplitudes,26

one finds the radiative decays (described by electroweak penguins in the SM)27

and the hadronic decay modes involving neutral pions in the final state. This28

physics case suggests very specific requirements to the calorimeter system,29

in particular excellent energy and angular resolutions. The novel detector30

concept presented in this expression of interest addresses these two require-31

ments while meeting the high transverse granularity requirement useful to32

the physics of the jets at FCC-ee.33

1



Another area of development related to the GRAiNITA project con-34

sists of the exploration of the well-established Pulse Shape Discrimination35

(PSD) of the nature of the incoming particles in crystal scintillators (electro-36

magnetic vs hadrons), adapted to measure more accurately the calorimetric37

energy deposited by incident hadrons. The proof of concept is still to be38

made but this energy reconstruction technique, if the exploratory stage is39

successful, can lead new dual read-out calorimeter designs or adaptation of40

the existing designs.41

2 The detector concept42

The GRAiNITA electromagnetic calorimeter concept introduces a detection43

volume filled with millimetric grains of high-Z and high-density inorganic44

scintillator crystals, immersed in a bath of transparent high-density liquid.45

The multiple refractions of the light on the grains ensures the stochastic46

confinement of the light, as in the LiquidO detection technique [2]. The47

scintillation light is collected towards the photodetectors by means of Wave48

Length Shifting fibers, regularly distributed in the detection volume as for49

a conventional shashlik detector, allowing for a potentially large transverse50

granularity, necessary for the FCC-ee experiments. Due to this extremely51

fine sampling of the electromagnetic shower, an excellent energy resolution52

is expected. The main high-Z and high-density inorganic scintillator crystal53

considered for GRAiNITA is ZnWO4 [3] that provides a light yield of 1000054

photons per MeV. A considerable advantage of the use of this material is55

that ZnWO4 can be successfully grown in the form of transparent granules56

of the desired size, with the method of spontaneous crystallization from a57

flux melt [3], reducing significantly the cost of the calorimeter. The char-58

acteristics of interest of ZnWO4 are summarised in Table tab:properties.59

Table 1: Properties of interest of the ZnWO4 inorganic crystal.

ZnWO4

E!ective Z 61
Density (g/cm3) 7.87
Refractive index 2.0 - 2.3
Light yield (photons/MeV) → 9000
Peak emission wavelength (nm) 480
Decay time (µs) 20
Radiation length (cm) 1.20
Molière radius (cm) 1.98

60

Such a high energy-resolution granular calorimeter meets the general61

physics requirements of an FCC-ee experiment. It would moreover be par-62

2



ticularly useful to address a comprehensive Flavour Physics program with63

decays involving electrons, photons or neutral pions in the final state. Since64

the Z0 production rate at FCC-ee is of the order of 105 Hz and since these65

events should typically hit less than 1 % of the calorimeter cells, the 20 µs66

decay time of the ZnWO4 should not be a concern. However the investiga-67

tion of the possible use of other type of crystals is planned.68

3 The first results69

Measurements with a small prototype (2.8↑2.8↑5.5 cm3) using green LED70

are experimentally confirming that, as expected, the signal remains confined71

in the vicinity of its production point [4]. From analysis of cosmic muons [4]72

and data from a muon test beam recorded in summer 2024 at CERN, with73

the same small prototype, it is clear that the collection of about 10000 photo-74

electrons per GeV is at reach with a GRAiNITA-like calorimeter. This result75

paves the way to a statistical fluctuation of 1%/
↓
E on the energy resolution76

due to photo-electron statistics (Fig. 1).77
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Figure 1: Number of photo-electrons recorded in a GRAiNITA small proto-
type where the ZnWO4 grains are immersed in an heavy liquid to increase
the density of the medium. Left: cosmic muons with ZnWO4 grains im-
mersed in ethylene-glycol (taken from [4]). Right: muon tracks from CERN
test beam with ZnWO4 grains immersed in LST fastloat (density=2.8).

The test beam data, recorded in the H1 area of the SPS at CERN in78

June 2024, allowed to scan the prototype with minimum-ionising particles79

(muons and pions) crossing the apparatus from front to rear. The hit map80

distribution is shown in Fig. 2, and the fiber positions are clearly seen. The81

response of the prototype has been quantified to provide non-uniformity82

maps that have been subsequently inputed into accurate GEANT-4 simu-83

lations of the calorimeter concept. The analysis is still preliminary but the84

first results indicate that a less than 1% constant term contribution to the85

energy resolution is at reach.86
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Figure 2: The number of hits in the GRAiNITA small prototype above a
threshold of 200 photo-electrons read-out as a function of the incoming muon
particle position. The positioning of the fibres is clearly seen, the fibers being
7mm apart. The depleted region in the middle corresponds to the clear fibre
instrumented in the centre of the prototype to inject calibration light.

4 The R&D program for the next four years87

The main goal of the R&D program for the coming years is to build and char-88

acterize a full-size electromagnetic module demonstrator, with dimensions of89

17x17x40 cm3 filled with ZnWO4 grains. This prototype, filled in addition90

with fastfloat heavy liquid (density=2.8), corresponds to a depth of 25 X0,91

allowing a 25-GeV photon shower to be entirely contained. The prototype92

will first be characterized with cosmic muons, such that the demonstrator93

be ready for the reopening of the muon and electron beams at CERN after94

the long shutdown planned between 2026 and 2028. The validation with95

high-energy particles (electrons, muons and pions) is mandatory to prove96

that this cutting-edge GRAiNITA technology is competitive and meets the97

FCC-ee physics requirements.98

4.1 Construction of the demonstrator and characterisation99

of the grains100

The construction of a full-size GRAiNITA demonstrator requires about 45 kg101

of ZnWO4 grains. These can be produced by the ISMA institute (Ukraine)102

with the method of spontaneous crystallization from a flux melt. The use103

of grains in a calorimeter is not conventional and a large production of scin-104
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tillator grains has never been achieved before. It will therefore be crucial to105

continuously characterize the grains, both in terms of light yield and optical106

properties, to achieve a steady production quality. Alternative producers107

have been identified to mitigate the risks related to the critical situation in108

Ukraine. The mechanical structure will be designed with the aim of finding109

the best technical solution to fill the volume with grains and liquid. The110

detector will be assembled in IJCLab’s mechanics workshop.111

4.2 Design of the Read-Out electronics112

The GRAiNITA demonstrator will be equipped with 576 WaveLength Shift-113

ing fiber elements. In order to reduce the number of output channels and114

thus the production cost of the detector, they will be grouped in bunches115

of 16 and coupled to 36 large-area SiPMs. The latter will be hosted on a116

board (to be designed) which will also contain the channel amplifiers. The117

36 amplified signals will then be sent to a WaveCatcher digitizer, optimised118

for the studied crystal shaping times and pulse shape discrimination.119

4.3 Experimental tests foreseen120

• The GRAiNITA demonstrator will be tested with cosmic rays on test121

benches equipped with two plastic scintillators as external trigger.122

These initial tests will serve to optimise on one hand the mechani-123

cal design of the prototype by studying the system of collection of124

the light and to commission the front-end read-out. When the test125

beams will become available again worldwide, the response to high-126

energy electrons and pions will be studied. High-energy muon beams127

must be used to characterise the non-uniformity of the response as an128

important contribution to the constant term of the energy resolution.129

• The design of a PSD technique to improve the precision hadron en-130

ergy measurement will require as well some experimental tests. In131

particular, the implementation of a realistic optical model of the PSD132

response requires direct measurements of the scintillation properties133

of the crystals in response to low energy protons, for which the litera-134

ture is scarce or non-existing. Test beam periods are envisaged at the135

ALTO facility (Orsay).136

5 EoI to join a detector concept137

The GRAiNITA R&D would benefit of being embodied in a larger detec-138

tor concept, when it will come to assess the global physics performance on139

benchmark physics modes. The IDEA detector concept would be a right fit140

since it features dual read-out calorimeter designs.141
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Attestation de validation de l’EoI 

GRAiNITA   (contact FCC-IN2P3 S MONTEIL) 

par les DU des laboratoires concernés 

 

Ces validations ne constituent pas un engagement des laboratoires à mettre en œuvre tout 
ou partie de ces EoI et/ou à fournir des ressources, mais juste à témoigner que l’EoI a pu 

être lue par le DU, et que le DU ne s’oppose pas à ce que l’EoI soit soumise avec des 
personnels de son laboratoire comme signataires. 
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