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LHCb Upgrade I

Figure 2: Side view of the LHCb upgraded detector.

The Vertex Locator (VELO) [8] is the tracking detector devoted to the precise measurement
of primary vertices and displaced vertices of short living particles. The current VELO, based on
silicon microstrips technology, will be replaced by 26 tracking layers based on 50x50 µm2 pixel
technology that will ensure a better hit resolution and simpler track reconstruction. Figure
3.a shows a sketch of the tracking detector. The upgraded VELO will be closer to the beam
axis, from the current 8.4 mm up to 5.1 mm from it, and the particles will see substantially
less detector material, from 4.6% to 1.7% radiation lengths, before the intersection of the first
tracking layers which are the crucial ones to determine the resolution on the measurement of
the impact parameter of the particles. These improvements will improve the impact parameter
resolution by a factor of about 40%, increase the VELO tracking efficiency especially for low
momentum tracks, and provide a better decay time resolution. In order to reduce the radiation
damage to the sensors, the detector layers will be opened while not taking data and closed
when stable beam condition is reached. The sensors will be cooled at the temperature of -20 °C
exploiting an innovative microchannel CO2 cooling technology.

The Upstream Tracker (UT) [9] will be used for downstream reconstruction of long lived
particles decaying after the VELO. It will be also essential to improve the trigger timing, and
the momentum resolution. The UT will be composed by 4 tracking layers based on silicon strip
technology. A UT layer is sketched in Figure 3.b. The inner sensors will be closer to the beam
pipe with respect to the current tracker, in order to increase the geometrical acceptance. The
segmentation and technology of the sensors is driven by the expected particle occupancy and
radiation dose. In the outer region, the strips will be 99.5 mm long with 180 µm pitch, and based
on p+-in-n technology. The strips in the central region will have same length but 95 µm pitch,
and they will be based on n+-in-p technology in order to better sustain the higher radiation
dose. Finally, the strips closest to the beam will be 51.5 mm long, with 95 µm pith and based
on n+-in-p technology.

The Scintillating Fiber tracker (SciFi) [9] will be structured in 12 detector layers, and used
for track reconstruction after the magnet region thus providing measurement of the particle
momentum. Figure 3.c shows a sketch of a SciFi layer. The SciFi will be based on 2.4 m long
plastic scintillating fibres with 250 µm diameter, arranged on vertical direction. Each of the
detector layers will be composed of 6 layers of fibres, with a total layer thickness of 1.35 mm
and transversal dimensions of about 6 m x 5 m. On vertical direction the layers will be made of
two series of fibres separated by mirrors. The fibres will be readout by SiPMs placed on the top
and on the bottom of the detector layers, reading arrays of 50x50 µm2 sized pixels grouped in
arrays of 128 channels. SiPMs will be cooled at the temperature of -40 °C in order to decrease
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LHCb Trigger
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Dark Photon (Projection) arXiv:2203.07048
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DarkCast gitlab.com
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DarkCast gitlab.com
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Run 3 Projection - ee CPC 258, 107622 (2021)
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https://arxiv.org/abs/1908.08353


Run 3 Projection - µµ CPC 258 (2021) 107622
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Real Data PRL 120 (2018) 061801
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Run 3 Projection - Rough Numbers

• these are very rough numbers, but include all detector efficiencies
• roughly 4 η per event and 0.5 η′ per event

decay number of candidates
η → γµ+µ− 3× 108

η → µ+µ− 6× 106

η → µ+µ−π+π− 1× 104

η′ → µ+µ− 2× 104

η′ → µ+µ−π+π− 1× 104

η → γ 3S1[TM](→ e+e−) 6× 102
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True Muonium PRD 100 (2019) 053003
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https://arxiv.org/abs/1904.08458

