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Overview

e Technological requirements for tracking in HI experiments;

e Benefits of the HL-LHC programme for LHCb with new technologies;
e Challenges of LHCb-Run 5: VELO Ull (Timing VELO, TV);

e TimeSPOT & IGNITE projects;

e Other application: High Intensity Neutrino tagging;

e Conclusions.
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Technological requirements for tracking in Hl experiments

Next generation High Energy Physics experiments
will starts the era of high intensity 4D-Tracking (HI4DT)

High rate of events — Huge statistics but ...

..the new detectors will have to cope with extreme environments:

TID > 1 Grad/ASIC; ade nighel
Fluence ® > 110" 1MeV n__/cm?; of mogf““’ \ues W
Pileup <> ~ 200 (or above); orders cufren'ﬁ va

Data rate > 100 Gbps/ASIC. than

Novel technological solutions are needed to match such requirements and
enable High Intensity Physics.

INFN initiatives such as TimeSPOT (2018-2021) and IGNITE (2023-present) were born precisely
with this aim in mind to offer a technological solution.
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Benefits of the HL-LHC programme for LHCb with new technologies %

Delivered luminosity £ ~ 1.5x10** cm™? s & L. .~ 300fb™ NSt
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https://cds.cern.ch/record/2903094/files/LHCB-TDR-026.pdf

Challenges of LHCb-Run 5: VELO Ull (Timing VELO, TV)

E

 Pile up <Hpy.s> ~ 40 (<Hgyy5> ~ 3);

3

. L ~ 16 2 . 147. 3

e Maximum radiation Fluence @, . ~ 5x10" 1MeV Neq /em¥(®_ .~ 5x10"); S
2 . o

e Datarate DR, - > 100 MHz/mm?* (5 xDR_ . .); 5
. T

e Material budget < 0.8% X, O
Side View §

Requirements to maintain current detector performance Magnet Satons o o
and enable the HI program under these conditions: -\l — = [E=== ©
w

o

e Spatial resolution o, ~ 10 pm; =
e Temporal resolution 6,<50 ps/hit (sensor+FE). 25
(@]

Pileup can only be solved with 4D tracking; 3

LHCb Upgrade Il
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TimeSPOT & IGNITE projects: Current status

3D trench

Weighting field (1/cm)
l2.0009+03
1.667e+03
1.333e+03
1.000e+03
6.667e+02
l3.333e+02
0.000e+00

Electric field (V/cm)
. 1.000e+05

8.333e+04

6.667e+04

—‘ Hsemer
-_— ey

[ “
3.333e+04 BR KESSLE
T — SEM HV: 10.0 kV WD: 11.59 mm | | | veGasTEscan
. View field: 176 ym Det: SE 50 pm
Biasing electrode 0.000e+00 SEM MAG: 1.57 kx  Date(m/dly): 10/29/19 FBK Micro-nano Facility

®) Collecting electrode
()

CAD design of a Weighting field and velocity FBK-TimeSPOT batch TimeSPOT test structure
c g TimeSPOT 3D-Trench  map, from design and TCAD production irradiated @ 5x10" 1MeV
24 silicon Pixel, pitch 55um simulation it is possible to see n, /cm? , wirebonded to the
g uniformity and speed custom frontend electronics

@\ Characterisation of highly irradiated 3D trench silicon pixel sensors for 4D tracking with 10 ps timing accuracy
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https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1393019/full

TimeSPOT: performances @ Fluence @& = 1x10" 1MeV N, /cm?
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https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full

TimeSPOT: push the limits @ Fluence ® = 10" 1MeV n__ /cm?

Cold-TCT infrared (A=1030nm) laser setup used to study sub-pixel performances
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https://www.eventclass.org/contxt_ieee2025/scientific/online-program/session?s=NSS-25#e1592

IGNITE Application specific integrated circuit

ldea of Fractal Design to build the Large Area ASICs:

e 28nm CMOS; > ® TID>1 Grad;
e Pixel pitch 55 ym. e Ultra-fast timing < 50 ps.

L ¢
IGNITE.
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https://indico.cern.ch/event/1586208/contributions/6725254/attachments/3150200/5594169/TV@Pisa_ALai%20.pdf

" ¥
IGNITE: Some Results IGNITE.

Temporal resolution performances o, ~ 20 ps (without sensor) @ 1fC.
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https://www.eventclass.org/contxt_ieee2025/scientific/online-program/session?s=NSS-22#e1462

¥ “
IGNITE: Next developments steps IGNITE.

e 2025-2026 - Tests with sensors will start very soon:
o “9Sr source;
o TCT Laser studies;
o and Test Beam (4D-telescope tests in Apr.2026);

e 2026 -Engineering Run:
o 320x256 pixels ASIC (IGNITE-ER);
o 45 um pitch.

e Late 2026 - Validate Vertical Integration technigue.




Other application: High Intensity Neutrino tagging

NuSCOPE is an international proto-collaboration aimed at building the first
monitored and tagged neutrino beam at CERN SPS.

Physics reach potential:
e Determination of v /v_cross-sections in the 1-10 GeV range with 1% accuracy
N e
(to solve systematic limitation in DUNE and HK);
e PNMS parameter determination and search for leptonic CP-Violation.

SPS can provide p* of 400 GeV/c colliding on a graphite target producing:
o K'/n"— p v, (Two-body decay ") 4D tracking is necessary

o K'— .7'L' et 1) for accurate measurement
of v /v flux
u Ve
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https://indico.cern.ch/event/1439855/contributions/6461501/attachments/3045874/5381803/SBN_at_CERN_backup_document_ESPPU.pdf
https://indico.cern.ch/event/1439855/contributions/6461501/attachments/3045874/5381803/SBN_at_CERN_backup_document_ESPPU.pdf

Neutrino tagging: Tracking technology requirements
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The technological requirements for 4D-tracking (temporal correlation between
decay products and detected vu/ve> are very similar to those needed for the
LHCb TV:

Radiation tolerance Fluence @ ~ 1x10'® 1MeV N, /cm?:
Temporal resolution o.< 40 ps;

Data rate ~ 20 MHz/mm?:;
Material budget < 1% X,
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https://indico.cern.ch/event/1439855/contributions/6461501/attachments/3045874/5381803/SBN_at_CERN_backup_document_ESPPU.pdf
https://indico.cern.ch/event/1439855/contributions/6461501/attachments/3045874/5381803/SBN_at_CERN_backup_document_ESPPU.pdf

TimeSPOT Sensors: legacy and future projects

LHCb VELO UlI NuSCOPE TimeSPOT
Fluence @ [1MeV n__ 5x10' 1107 >1x10"7
/cm?]
Temporal res. o [ps] <50 <40 <20

e 3D sensors are the favourite option for the LHCb VELO UII.

Next developments steps:

Validate irradiated sensor @ Fluence @ = 10" 1MeV n__ /cm?at a test beam;
Improve the fabrication yield and produce large matrices (>64x64 pixels);
Explore column-like geometries (improve yield);

Explore stitching techniques, to produce very large matrices (of importance
for NuSCOPE).

TUSWNO0(] bUIdoDS || apbJbdn aOH |
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https://cds.cern.ch/record/2903094/files/LHCB-TDR-026.pdf

Conclusions

e FEnable Hl experiments require new technologies:
o 4D tracking;
o High radiation tolerance.

e [INFN TimeSPOT & IGNITE projects:
o Aim to provide a technological solution;
o Timespot sensors met already the requirements;
o IGNITE ASIC preliminary results very promising.

Expected Totalo, =0 __ 0, 0 o0 . S 30ps

e Next developments steps:
o IGNITE: Study of 64x64 pixel matrices (Lab and Test-Beam);
o IGNITE: Validate the Vertical Integration;
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VelLo Ull: WHY 4D TRACKING ?
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https://cds.cern.ch/record/2903094/files/LHCB-TDR-026.pdf

TimeSPOT: Test Beam setup %&Pﬁ‘

Efficiency setup
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https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full

TimeSPOT: Test Beam setup

Temporal resolution % CCE setup
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https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full
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https://www.frontiersin.org/journals/physics/articles/10.3389/fphy.2024.1497267/full

TimeSPOT: Test Beam details

Temporal resolution
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TimeSPOT: Cold-TCT setup
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TimeSPOT: Cold-TCT setup

Temporal resolution of a 5e17 1 Mev Nes /cm?irradiated sensor
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