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INTRODUCTION

The increase of instantaneous luminosity in high energy physics experiments will allow to increment the amount of data recorded per year, to have a chance to access
to more rare events and to reduce the statistical uncertainties of the already studied phenomena.a
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* The higher occupancy will severely affect the vertex reconstruction efficiency of tracking
detectors.

* Higher radiation damage provided to the detectors 10'® +- 10*” 1 MeV n,, cm™*
Solutions

Measure the time of the tracks to cope with the increased occupancy and restore the
timing information (50 ps/hit for the LHCb Vertex Locator detector [1]).

Develop sensors with higher radiation hardness and having better time resolution.

3D SENSORS

Sensors
3D sensors one of the best candidate for tracking detectors close to particles interaction
points. PLANAR 3D trench sensors: 3D sensor optimized to achieve

P+ best timing performances [2].

11z g 120 Entries 42965
< B x?/ ndf 261/276

L —4.783 + 0.000

Oy 0.009488 + 0.000410

Shorter inter-electrode distance (d) since decoupled to : | 3
sensor thickness (L): : - : £ I

—1.08 = const 2.373+0.117
. f, 0.82+ 0.1
(129 £1.3) ps

Counts/[1

-
o
o

1.07

e give rise to extremely fast signals; :

Bias
iati 17 2 | : b N ] electrode Readout
* unmatched radiation hardness >10"” 1 MeV n,/cm? A electrode

S

Uniform time response give rise to a time resolution of 11 ps for MIP
detection [3].

TEST STRUCTURES THE SETUP
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Several test structures have been irradiated with neutrons at the TRIGA Mark Il Reactor I, Test structure tested at the SPS H8 beam-line with a 180 GeV/c Tt beam.
to evaluate the radiation hardness of this innovative sensors. 30 pixels with the The setup involves two MCP-PMT as a time reference with an accuracy

. . ] . readout electrodes
Single pixel structure 3-pixel-strip structure shorted together, to better than 5 ps.

have a device with larger
area
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After irradiated up to 10171 MeV neqcm‘2 the structures

were wire bonded to our front end electronic (TIA) amplifier

and stored to -20°C to avoid annealing. TRIGGERING PIXEL

RESULTS: AMPLITUDE & TIMING

Non-irradiated pixel used for the Irradiated sensors cooled with dry
trigger, to avoid to bias the ice, and isolated with a polystyrene
_ | = measurements on the DUT (fine enclosure. Simple but effective

Analog signals from the two 3D trench sensors and the two MCP-PMTs were collected
through a 8 GHz bandwidth oscilloscope to be analysed offline.
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alignment of two 55 um pitch system, allowing to operate from
pixels). [—40 =~ —20]°C for 12 hours.

RESULTS: EFFICIENCY
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Detection efficiency of 10171 MeV ne,cm™ < irradiated

3-pixel strip sensor has been measured at a bias voltage
of 250 V as a function of the tilt angle.
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Excellent time resolution 17,3 + 0,6 ps pixel 1 Pixel2  MCP
(preliminary results).
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CONCLUSION -5 Tiangle [

Accurate beam test characterizations have proven that 3D trench sensors irradiated at REFERENCES
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