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IDEA DR Calorimeter @

Istituto Nazionale di Fisica Nucleare

Tower 1

Tower 40

2.5m

2.5m

IDEA DR calorimeter

» Studying scalable solution for
* Mechanical construction
» Sensors and RO system
» Full scale prototypes — Assess performance
+ Small size prototype — Assess construction strategy
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Capillary-tube based Prototype

10x10 cm? divided in 9 towers, Im long
| 6x20 capillary each (160 C + 160 S)

Capillary:
2mm outer diameter, | mm inner diameter

Material: brass CuZn37

Readout:
* | central tower read out by SiPMs

* 8 surrounding towers read out by PMTs
(@ala RD_52)
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Capillary Tube technique @3\1

Istituto Nazionale di Fisica Nucleare

100x100mm?, 1 m long

Hi-quality commercially available capillary tubes
Quite easy and fast assembly system Qua\‘\ﬁ'\edpoc‘;;e\\o’ S AN
EM-size prototype (e

o test the viability of this mechanical solution

o scale up from 64 (previous test) to 320 SiPM readout

Next step toward full-scale prototype (from mechanical point of view)
o Market survey for same-quality but cheaper capillary tube
o Market survey for fibers

e Assembly tool
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Choice of material and dimensions

INFN
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Stochastic term for different materials
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GEANT4 simulation of 2020-prototype Calculation

em performance-only; had performance to be crosschecked
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Stainless-steel tubes (NFN
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Stainless-steel capillary can be found on the market
- with good quality
- with “reasonable” price ( to further investigate)

Sample were procured from a couple of companies
QAQC on the capillary quality
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Outer Diameter measurements INFN
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Assembly maquette
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Assembly system CINFN
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6 adjustable stands
for packing
capillaries to
correct position.
Alignment of
stations through
micrometric
screws

Simplify the structure of the assembly tool
* One single grinded L-shaped reference surface
* Lateral and top adjustable stands
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Scintillanting and Cherenkov Fibres INFN
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Specific Properties of Standard Formulations

Fiber Emission Emission Decay # of Photons Characteristics / Applications

Color Peak, nm Time, ns per MeV**
BCF-10 blue 432 257 ~8000 General purpose; optimized for diameters >250um
BCF-12 blue 435 13552 ~8000 Improved transmission for use in long lengths
BCF-20 green 492 257 ~8000 Fast green scintillator
BCF-60 green 530 7 ~7100 3HF formulation for increased hardness

o Scintillanting Fibres:
o polystyrene-based core and a PMMA cladding.
o Saint-Gobain BCF-10 double cladding used for EM-size prototype
o Saint-Gobain BCF-12 and BCF-20 single cladding under evaluation
o Cherenkov Fibres:

o PMMA core + Fluorinated Polymer cladding (Mitsubishi, SK-40)
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HiDRa module — Full scale prototype @3\1

Istituto Nazionale di Fisica Nucleare

o High-Resolution Highly Granular Dual-Readout Demonstrator
o Financed by INFN CSNV Grant: 2022 — 2024 (three years)
« Total request: ~ 900 k€ (dominated by material and sensors)
o Organization:
« Pl:Roberto Ferrari (PV)
e WP I|:Mechanics and fibre characterisation (Ml, P, PV)
« WP 2: Light sensors (analog and-disitat-SiPMs) (BO, CT, MI, TIFPA)
e WP 3:FEE and DAQ development (BO, CT, MI, PV, TIFPA)
e WP 4: Performance assessment (Ml, PV, RMI)
e 7 INFN departments (BO, CT, M|, PI, PV, RMI, TIFPA)
o External firms: CAEN, FBK
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From HiDRa project for CSNV . C
HiDRa2 INFN

Istituto Nazionale di Fisica Nucleare

1 Mini-Module (MM): 16 modules, ~ 65 x 65 x 250 cm3

32 x 16 channel (512 ch)

- 2 central modules with SiPMs

— ~10 k SiPMs, ~ 20 FEE boards
- all others with PMTs

— ~ 150 PMTs

{
|
| 138830

1 Module:

2 x5 MMs

— 10 FEE boards
(8-channel grouping)
~13 x13 x 200 cm3

- 12
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International Collaborators INFN
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Already (or just starting) collaborating:

* UK: University of Sussex

S. Korea: Kyungpook National Univ., Seoul National Univ, Univ. of Seoul,Yonsei Univ.
* Chile: Univ.Tecnica Federico Santa Maria (Valparaiso)

* US: Univ. of Maryland, Texas Tech Univ., Princeton Univ.

* GEANT4 Collaboration

* Crystal Clear Collaboration

Interested for LHC upgrades: ALICE FOCAL group, LHCb calo group
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Outlook
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Some delays in 2021 for mechanical development
o finalization of 2020 EM-size prototype
o 2 test-beam campaigns
We have material at hand to start with test beginning of 2021
Development will mainly proceed under the hat of HiDRa grant
o YlI:first year: R&D — identify solutions

e Y 2 & 3: prototype construction and (finally) qualification with beam
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Additional Material




Groups and personpower

<R
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7 INFN departments (BO, CT, MI, PI, PV, RM1, TIFPA)

External firms: CAEN, FBK

FTE and Number of people (without AdR requests) FTE and Number of people (with AdR requests)
RU 2022 2023 2024 2022 2023 2024
FTE People FTE People FTE People FTE People FTE People FTE People

Bologna 1,3 5 1,3 5 1,3 5 23 6 2,3 6 1,3 5

Catania 0,7 3 0,7 3 0,7 3 0,7 3 1,7 4 0,7 3

Milano 1 3 1 3 1 3 1 3 2 4 2 4
Pavia 33 9 33 9 33 9 38 9,5 4,3 10 3,8 9,6

Pisa 0,8 4 0,8 4 0,8 4 0,8 4 1,8 5 1,8 5

Roma 1 0,2 1 0,2 1 0,2 1 1,2 2 1,2 2 0,2 1

TIFPA 1,2 3 1,2 3 1,2 3 1,2 3 1,2 3 1,2 3
Total 8,5 28 8,5 28 8,5 28 1 30,5 14,5 34 11 30,6

Table 1.3.1. Summary of FTE per each RU during the 3 years of the project.

G. Gaudio - 2021 RD_FCC Workshop

15.12.2021



Funding requests @'_:?“
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Total request: 985.5 k€ (dominated by M&S)

Ii?;:l D-SiPM
. 12.8%

AdR

15.9%

QAQC modules

1.2%

prototype A-SiPM

0.6% 22.9%

prototype material PMT

34.4% 7.3%
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Funding requests
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Total request: 985.5 k€ (dominated by M&S)

BO CT MI PV Pl RM1 TIFPA Total
M&S 35 10 88.3 19 45 38 235.3

2022 PostDoc 125 7.5 12.5 325
Travel 1 0.9 1 5 0.8 0.3 1.2 10.2

M&S 40 73 76 152 28 369

2023 PostDoc 125 125 19 16 12.5 12.5 85
Travel 1.4 0.9 1 5 0.8 0.3 1.2 10.6
M&S 35 4 43.6 93.6 176.2

2024 PostDoc 19 7.5 12.5 39
Travel 4.1 1.7 3 125 2.4 0.4 3.6 27.7
M&S 110 10 165.3 138.6 290.6 0 66 780.5
Total PostDoc 25 125 38 31 25 25 0 156.5
Travel 6.5 3.5 5 225 4 1 6 48.5
Grand total 141.5 26 208.3 192.1 319.6 26 72 985.5
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Very rough time profile @'_:?“
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Y 1 : R&D — identify solutions

Y 2 & 3 : prototype construction and (finally) qualification with beam
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AIDA

innova @
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Innovation in detector technologies

Future detectors
Tracking, calorimetry, particle identification

Large scale construction,
Long term operation

Start: April 1st, 2021 Full costs budget
Duration: 4 years AIDAinnova = ~ 30 M€

Work Packages

! )
‘Managementand Coordination Outreach and Innovation

Prospective \ /
R&D

Innovation for Detector Facilities |

T Innovation on
Irradiation & Detection
Technologies

o |
Hybrid |

clectrorics e
| -

| Calo&PID |

[ cvogenic_|
———

/"~ Innovationon
Backbont Test Beam
Technologies

& DAQ Characterization

Mechanics

Software

Indust

\

( Industry
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WP 8.4.2
Development of highly-granular dual-readout
fiber-sampling calorimeters

INFN - Univ. Sussex - CAEN
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Analytical calculation of calo parameters

Material: Stainless-steel 304 (Ni:Fe:Cr-12:68:20%)

parameters: OD-ID capillary, Fibre diameter
Output
e fump (Candys)

e contribution to resolution

e Moliere radius

o radiation length

e Interaction length

21
G. Gaudio -2021 RD_FCC Workshop 15.12.2021



Some results
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Tube diam tub? hole fiber diam |air frac|fiber frac [SS frac |fsamp_C| fsamp_S |e_resol samp|rho (mm)|X0(mm)| lambda(mm) n._Iambda n_.Iambda
diam in25m | in2m

2.00 1.00 0.90 1683 | 8.84 65.48| 2.59 2.31 0.43 25.03 26.80 241,85 10,3 8,3
2.00 1.10 1.00 17271 1091 | 60.90] 3.39 3.02 0.39 26.48 28.70 255,17 9.8 7,8
2.00 1.20 1.00 2229 | 1091 [ 55.88| 3.67 3.27 0.38 28.69 31.23 276,2 9,1 7,2
2.00 1.20 [.10 17.71 321 | 55.88]| 4.38 3.90 0.36 28.27 3111 271,5 9,2 74
2.00 1.30 [.10 23.16 | 13.21 [ 5042| 48l 4.28 0.35 31.05 34.40 297,72 8,4 6,7
2.00 1.30 1.20 18.14 1572 | 50.42| 5.63 5.01 0.33 30.52 34.24 291,76 8,6 6,9
2.10 1.00 0.90 1645 8.02 67.51| 229 2.05 0.46 24.42 26.04 236,25 10,6 8,5
2.10 .10 1.00 1684 9.90 63.36| 2.98 2.65 0.42 25.67 27.65 247,7 10,1 81
2.10 1.20 1.00 2140 9.90 58.80| 3.19 2.85 041 27.53 29.76 265,5 9.4 7,5
2.10 1.20 [.10 1724 1198 | 58.80| 3.82 3.40 0.39 27.18 29.66 261,55 9,6 7,6
2.10 1.30 [.10 2219 1198 [ 53.85| 4.14 3.69 0.37 29.48 32.33 283,35 8.8 7,1
2.10 1.30 1.20 1764 1426 | 53.85| 4.86 4.33 0.36 29.05 32.20 278,44 9,0 7,2
1.90 1.00 0.90 1728 9.80 63.13] 2.96 2.64 0.40 25.77 27.75 248,71 10,1 8,0
1.90 .10 1.00 1777 12.09 | 58.05| 3.90 3.47 0.37 27.49 30.03 264,44 9,5 7,6
1.90 1.20 1.00 2333 | 12.09 | 5248 428 3.8l 0.35 30.17 33.14 289,77 8,6 6,9
1.90 1.20 [.10 1825 14.63 | 52.48| 5.09 4.54 0.34 29.66 33.00 284,06 88 7,0
1.90 1.30 [.10 2430 | 14.63 | 4644 5.8 5.06 0.32 33.10 37.17 316,35 7,9 6,3
1.90 1.30 1.20 1873 1741 | 46.44| 6.62 5.90 0.31 32.42 36.96 308,92 81 6,5
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