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SAMPLING CALORIMETRY AT HEP

Schematic representation of the Shashlik detector: a) detector 

fragment; b) overall detector configuration

A sample sPHENIX EMCal block (left) with 

a close-up of the end (right)

Applications:

Electromagnetic or hadronic calorimeters, cosmic 

radiation detection, high-energy photoelectron 

experiments.

Functions of absorption elements:

particle deceleration and generating 

electromagnetic and/or hadronic showers of 

secondary particles
Application examples:

Shashlyk detectors:

- LHCb (CERN). PANDA (FAIR, Germany). COMPASS 

(CERN).

SpaCal detectors:

- LHCb Upgrade II (HL-LHC). H1 (DESY, 

HERMES/SPACAL). CMS, FCC, EIC, COMPASS.

EMCal detectors:

-   (LHC, CERN). PHENIX (RHIC, BNL).
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MOTIVATION

Problems:

1.Long-term of the technical process.

2. Involvement of third-party production.

3. The difficulty of manufacturing 

geometrically complex shapes.

Decision
1. We take a polymer binder and add a metal filler to it.

2. From them we form an absorber, which is a composite 

material.

3. This way we obtain a material with high density and 

good mechanical resistance.
Hadron showers

SpaCal absorber modules
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Fillers Parameters Angular particles Spherical particles

Particle size, µm 1-6 10-50 

Bulk Density, g/cm3 6,3 9

Tap Density, g/cm3 8,2 11

Composite Material 

Density, g/cm3
9 11

COMPOSITE ABSORBER MATERIALS

The rounded geometric shape of the metal powder granules provides maximum filling of the 

volume and increases the fluidity of the composite raw material.

Traditional absorber material - lead, density: 11.34
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COMPOSITE ABSORBER 

MATERIALS

1) Composites with epoxy 

resins without vacuuming.

2) Composites based on 

different tungsten powders

Element size mm Ø20x40 21x21x50 49х49x50

According to the manufacturer

Tungsten pellet shape squamulose round round

Size of metal granules, microns 3,5–6 19-50 7-19

Tungsten powder bulk density (ρ), g/cm3 n/a 10-12 10-12

Type of polymer binder
Epoxy resin ЭД-20 

(Ukraine)

Epoxy resin Magic 

crystal (Germany)

Epoxy resin Wood 

Epoxy (Italy)

Density of polymer binder, g/cm3 1,2 1,11 1,14

Viscosity of polymer binder, mPa*s 4000–6000 700–1000 350

Viscosity of the polymer binder, Pz 120 7-10 3,5

Polymer hardness (Shore) 75-85D 61D 70-90D

The result of composite formation

Composite density taking into account the polymer 

binder, (ρ) g/cm3
8,5 9,5 11 5



MANUFACTURING OF A COMPOSITE ABSORBER

Formwork structure for forming a 

composite absorber

PTFE formwork isolates 

the internal cubic volume 

and supports the 

positioning of the 

capillary tubes.

Filling the formwork structure 

with composite material

Composite blank

after removal of formwork.

Composite absorber element 

after processing

Filling the formwork 

structure with 

composite material 

using vacuuming and 

vibration

Polymerization of 

the composite 

material and 

removal of the 

formwork

•Density: ρ= up to 11 g/cm3

•Tungsten mass content: 

ω=94.2%

•Tungsten volume content: 

δ=52%

•Total mass: m=840.1 g
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4. Creation of composite materials based on thermoplastics instead of epoxy polymers 

for the production of absorbers using melt casting and FDM 3D printing methods.

OUR GOALS FOR THE FUTURE

1. Changing the granulometric composition of tungsten powder to increase density.

2. Modifications to the technological process of forming products to increase density

3. Conducting a study of the radiation strength of the composite material.

Ultrasound Tungsten granules

Thermoplastic 

Сasting. FDM 3D (seal)

5. Place the granules in styrene monomer and polymerize the composition.
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1.Research has confirmed the possibility of creating effective 

absorbers from composite materials.

2.  A composite material with high density, good mechanical 

properties and no toxic lead content was obtained.

3.A technology has been developed that allows for the 

production of complex-shaped products without expensive 

metalworking and high-temperature casting.

4.Modernization of technological production methods allows 

increasing the density of the composite material to 13.5 g/cm3

Conclusio
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