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@) AIDA Objectives

Setup test infrastructure for innovative calorimeters with optical
readout Subtask 14.2.1:

Test benches for characterisation of organic and inorganic scintillator fibers for future
calorimetry

* Development of test stations for the characterization of scintillation and wavelength-
shifting fibers as well as optical and timing properties of organic and inorganic
scintillator and fiber elements

e Construction of an absorber structure and a readout system to study different fiber
types in test beams

* Development of devices to evaluate the radiation hardness of fibers and crystals at
irradiation facilities

Groups involved:
Brunel, CERN, ETHZ (with TTU), INFN (Milano, Rome, Torino), Minsk, UniMIB,
Vilnius
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@ AIDA Task14.2.1 Activities

Characterization benches:
* Fiber development ongoing:
e SiO2 doped fibers: Milano, ETHz together with Texas Tech
University
* |nvestigation garnet crystals YAG, LUAG and more recently
GAGG with multiple codoping: Interest from LHCb
calorimeter upgrade
* Timing
* Vilnius & Minsk in collaboration with CERN:

e setup of a “2 photon absorption” bench for timing
investigation: Engineering inorganic scintillator properties
to operate in high dose rate irradiation environment

* Brunel:

* investigation of the modification of the single-photon

timing system to measure fiber
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Rare Earth doped sol-gel silica fibers
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During 2019:

Focus on Role of defects in Ce-doped sol-gel silica
-&( Intelum fibers (F. Cova PhD Thesis, paper in preparation)
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Role of defects in Ce-doped
sol-gel silica fibers
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Role of defects in Ce-doped
sol-gel silica fibers STt

Temperature dependent RL above 290K
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Phenomena occurring during the measurement:

1. RL hysteresis due to prolonged irradiation

2. Recovery of the damage with time

3. Traps emptying induced by the high
temperature

Possibility of a simultaneous in situ
recovery of the radiation damage
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E. Auffray, 13/02/2020




AIDA” Role of defects in Ce-doped

sol-gel silica fibers
Thermally Stimulated Luminescence

EUNIVERSITA
=W
=28
= ONVIIN

X ray irradiation @10K X ray irradiation @RT

Wavelength (nm) Wavelength (nm)
300 350 400 450 500 550 600 650 700300 350 400 450 500 550 600 650 700

300

600 . . . ..
- The measurement consists in a collection of emission

550 spectra measured at constant temperature intervals
€ 3
g 200 500 g
© ©
g 150 as0 &
§ § Only the characteristic Ce3* emission is observed
400 i 1
Rl Below room temperature Above room temperature —> Carriers released from traps recombine at Ce centers
10-320 K 20-500 °C 150 - TSL process in silica involves only electron traps

50

Heating rate = 0.1 K/s Heating rate =1 °C/s
300

o [ @]

T
=
<

i
Q

o
2n

i
=
oa
TSL intensity (arb. un.)

TSL intensity (arb. un.)

3 4 10°

10° 1 1 1 L L L 1 I L 1 1 L 1
50 100 150 200 250 300 300 350 400 450 500 550 600 650

Temperature (K) Temperature (K)
Broad TSL structure
on the entire
temperature range

Traps responsible for the delayed
scintillation decay contribution are
reasonably in the 60 — 300 K region
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AIDA Differential optical absorption
sefup

Time evolution of the spectrum of
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@ AIDA™ Kinetics of differential optical
absorption in GAGG crystal

before irradiation, 24 hours after irradiation, and
after spontaneous relaxation.
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@ AIDA test-bench for real-time
Brunel University London H H
Peter Hobson &éavid Smith rqdlqhon damqge
measurements in
scintillating and
wavelength-shifting fibres

exit light

’:’ Br'.'mel.
g8 | University
London
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AIDA Continuous Gamma )|
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<) AIDA

Real-Time Luminescence

Measurement

We considered the possibility to
measure in real-time the effect of
radiation on fluorescent properties of
scintillating and WLS fibres.

Using an 80 ps 377 nm diode laser, a
fast SiPM based photon detector and a
PicoHarp 300 time correlator the effect
of time dispersion via the large core
diameter multi-mode fibre was
investigated.

We used 10 cm (reference), 1 m and 20
m long optical fibres and measured the
decay time constant of a fast plastic
scintillator (polystyrene with PPO and
PPOP fluors) at 20 °C.

(n.b. the fibre test-bench was not used in these
measurements)
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AIDA~ Real-Time Luminescence
Measurement

University
London

Brunel |

Using an 80 ps 377 nm diode laser, a fast
SiPM based photon detector and a
PicoHarp 300 time correlator the effect of
time dispersion via the large core
diameter multi-mode fibre was
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@ AIDA "~ Results presented in 2019
at IEEE NSS/MIC

Brunel
University
London

(i

London

W Queen Mary (&) AIDA

University of London

A portable test-bench for real-time radiation damage
measurements In scintlllating and wavelength-shifting fibres

Peter R. Hobsona b, David R. Smith?

7 P. R. Hobson, D. R. Smith
N "A portable test-bench for real-time radiation
= damage measurements in scintillating and
wavelength-shifting fibres"
https://cds.cern.ch/record/2701523

Test-bench Operation

B R

Experimental Results
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@ AIDA Task14.2.1 Activities

Test beam infrastructure
* Focus on a set-up for Electromagnetic calorimeter
* Prototype of ~3Rm*3Rm*maximum length30cm

e ETHZ, INFN &TTU : preparation of sampling calorimeter :
 Sampling calorimeter with CeF; plates and wavelength

shifting Ce-quartz fibers

 CERN: development of a W/Cu absorber for SPACAL prototype
(6*6*20cm) to test different types of fibers

e ETHZ& INFN : Common DAQ :

E. Auffray, 13/02/2020



Study of Ce-doped fibers
coupled to CeFs

Team: ETHZ & TTU

Two sets of Phase-IV fibers are coupled
to a CeFs crystal o AR
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N. Akchurinl, N. Bartosik?, J. Damgov?, F. De Guio?l, G. Dissertori3, E. Kendir?,
S. Kunoril, T. Mengkel, F. Nessi-Tedaldi3, N. Pastrone?, S. Pigazzini3, S. Yaltkaya?
Texas Tech University, 2Akdeniz University, 3ETH, Zurich, 4INFN-Torino,

JINST https://doi.org/10.1088/1748-0221/14/06/T06006.
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@AIDA Compare irradiated vs

vnirradiated
Team: ETHZ & TTU
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SPACAL R&D
Potential Future project:
LHCb upgrade phase Il
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@ AIDA™” Motivation for LHCb calo %
upgrade

ECAL doses @ EM shower max, Gy, 300 /fb

Detector requirements:

* High radiation hardness Crystal fibres could be a solution
 Smaller cell size and Moliere radius — R&D on SPACAL
- Timing resolution tens of ps between Crystal Clear & LHCb

Good energy resolution

E. Auffray, 13/02/2020
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9 Cells made of 3 different materials

1x1 mm2 scintillating fibers

Crystal bars grown with Czochralski method
= Future R&D in frame of EP R&D WG3

E. Auffray, 13/02/2020 21



AIDA

Test in DESY in November

2019

More compact prototype:
Absorber Pure Tungsten made by

Crytur company

9 Cells 1.5x1.5 cm? with longitudinal
segmentation 4+10cm of 1x1 mm?2
crystal fibers

3 GAGG cells from FOMOS

6 YAG cells from Crytur

E. Auffray,

=> Work continues in frame LHCb upgrade, Crystal Clear and EP-RD WG3

13/02/2020



=) AIDA
Q Milestones & deliverables

Task14.2.1:

Milestone:

MS56 (due to M24): Commissioning of Fibre Test benches (Commissioning of the test

benches for the evaluation and characterization of fibre elements for calorimeters) done:
2 documents:

* 1 Note with a detailed description of the benches:AIDA-2020-NOTE-2017-004
e A Summary for milestone document

Deliverable
D14.1 (due to M47): Documentation of the constructed and operational test facilities for

scintillation and Cherenkov fibres, and report on their utilization and performance done:
2 documents:

* The deliverable: http://cds.cern.ch/record/2665686
* 1 Note with a detailed description of the benches:AIDA-2020-NOTE-2019-014

E. Auffray, 13/02/2020
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