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Why timing?

The High-Luminosity LHC (HL-LHC) will operate at instantaneous luminosities of up
to 7.5 x 10>*cm™2s~! and deliver an integrated luminosity of the order of 4000 fb~!.
The result is an average of (u) ~ 200 inelastic proton—proton interactions per bunch
crossing, against the () &~ 50 — 60 in Run 3. Assigning a track to its production vertex,
the operation underlying essentially every physics-object definition, therefore becomes
much harder, especially in the forward region.

The way out is to add a fourth coordinate. Collisions within one bunch crossing are
spread in time with an r.m.s. of about 180 ps, so a per-track time measurement with
a resolution of a few tens of picoseconds separates vertices that are unresolvable in
z alone. This is the task of the ATLAS High-Granularity Timing Detector (HGTD),
a silicon timing detector installed in front of the liquid-argon end-cap calorimeters at
|z| = 3.5m, covering 2.4 < |n| < 4.0. Its requirement is a per-track resolution of 30 ps at
the start and 50 ps at the end of the HL-LHC [1].

The detector and its modules

Each HGTD end-cap consists of two double-sided layers, for a total of 8032 modules and
about 3.6 million readout channels of 1.3 x 1.3 mm?. A module is built from two hybrids
and one flexible printed circuit, the module flex. A hybrid is a Low Gain Avalanche Diode
(LGAD) of 15 x 15 pads and 50 um active thickness, bump-bonded to the ALTIROC
front-end ASIC. The LGAD is an n-in-p diode with an extra p-doped gain layer, whose
moderate internal gain of 10-20 produces the fast rise time and large signal-to-noise
ratio behind the excellent time resolution; the ASIC digitises time-of-arrival and time-
over-threshold with an electronics jitter below 25 ps at 10 fC. The module flex is glued on
top of the two hybrids and wire-bonded to the sensors (bias voltage) and to the ASICs
(power and signals).

Module assembly and quality control in Mainz

The 8032 modules of the HGTD have to be built, and every one of them has to be tested
multiple times before it goes into the detector. Mainz is one of the assembly sites and will
deliver about 1000 modules and 50—60 detector units. We are currently in preproduction,



the last step before full-scale production, whose purpose is to exercise the complete chain
end to end; 36 preproduction modules have been assembled so far, and my work covers
all of its stages.The gluing is done by a gantry robot, which dispenses the pattern on
the module flex; a custom jig then holds up to six modules under vacuum while the glue
cures. Metrology follows: a motorised microscope checks alignment, dimensions and
height profile, all logged in the central database. Wire bonding is where almost all of
the electrical connections are made. A HESSE Bondjet BJ855 places 25 pum aluminium
wires, four per sensor for the bias and 235 per ASIC for power and signals, and a fraction
of them is then sacrificed to destructive pull tests, which give both the breaking-force
distribution and the failure mode. Electrical characterisation is the longest stage:
leakage-current (I-V') curves of the individual hybrids and of the assembled module,
threshold (S-curve) and charge scans of each ASIC, time-over-threshold maps, and source
scans verifying the response to MIP-like signals. Thermal cycling closes the sequence,
verifying that the assembly survives the operating environment, and selected modules
are prepared for test beams.

Testing modules one at a time does not scale to the throughput required in production,
so I have also built and automated a stand that tests six modules in parallel, with Python
and bash driving the power supplies and the monitoring and ROOT/C++ handling the
analysis.

The core of my thesis will be a statistical analysis of module performance across the whole
Mainz sample, from preproduction to mass production. If time allows, I will then use it
as the input to a sensitivity prospect for a precision measurement at the HL-LHC.

A preproduction HGTD module assembled in Mainz.
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