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LHCDb overview WARWICK

o Forward spectrometer, Magnet
optimised for b and c decays

o Excellent vertex resolution
(optimised for weak decays)

e Precise and efficient tracking
o PID (2 < p < 100 GeV/e)
o Flexible trigger

e Diverse physics, far beyond the
core flavour programme

lLHCb, “LHCb Tracker Upgrade Technical Design Report”, CERN-LHCC-2014-001 (Feb. 2014)

in Run


https://cds.cern.ch/record/1647400

Core signals and signatures

« ~ 45kHz bb pairs, ~ 1 MHz c¢ pairs at 13TeV and £ = 4 x 10> cm™2?s~! (Run 2)
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e Heavy flavour signatures: displaced multi-body vertices inside vertex locator
« Note this means typical masses are O(1 GeV/c?), and we can go lower...
e Need track reconstruction to identify these = software trigger

o ~ 1.1 visible interactions / bunch crossing during Run 2
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upgrade / WERWICK
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CKM ~ BY — putu~ CPV in B meson mixing

e By the end of Run 2, many key measurements will remain statistically limited
— Upgrade to 5x higher luminosity; need upgraded, radiation-harder detectors

1LHCD, “Measurement of the CKM angle v from a combination of LHCb results”, JHEP 12, 087 (2016), arXiv:1611.03076
21, HCb, “Measurement of the Bg — u+u_ branching fraction and effective lifetime and search for B? - u+ n= decays”, Phys. Rev.

Lett. 118, 191801 (2017), arXiv:1703.05747
3Heav_y Flavor Averaging Group, “Averages of b-hadron, c-hadron, and t-lepton properties as of summer 2016”7, Eur. Phys. J. C77,
updated results and plots available at https://hflav.web.cern.ch, 895 (2017), arXiv:1612.07233
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o With current “L0” hardware trigger,
hadronic channel signal yields saturate

e Don’t gain from higher luminosity, unless...

e ...we remove the hardware trigger

e Process the full 30 MHz inelastic collision
rate in software

e Have access to full event information,
substantially increase hadronic yields

e These are the arguments that have shaped
our Run 3 trigger strategy

LLHCb, “Letter of intent for the LHCb upgrade”, CERN-LHCC-2011-001.
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https://cds.cern.ch/record/1333091

LHCb in Runs 1 a WARWICK

e Current
detector



https://cds.cern.ch/record/1647400

LHCb in Run 3

e Phasel
upgrade
detector

o All detectors
upgraded for
40 MHz
readout

e New photon
detectors for
RICHes
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LHCDb trigger scheme changes from Run 2 to Run 3 WARWICK

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate
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The Turbo paradigm WARWICK

« Basic idea: do physics analysis using trigger output directly!
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¢ Real time alignment and calibration o Bandwidth is the lim1
= 1o “better” offline reconstruction — smaller events mean more events
IR. Aaij et al., “Tesla: an application for real-time data analysis in High Energy Physics”, Comput. Phys. Commun. 208, 35 42
(2016), arXiv:1604.05596

2LHC1>A, “Search for dark photons produced in 13 TeV pp collisions”, Phys. Rev. Lett. 120, 061801 (2018), arXiv:1710.02867

in Run
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Track reconstruction outline

o First trigger stage: start in VELO, extend to UT then through magnet to SciFi
SciFi

magnet

e Core programme: 1- and 2-track selections

T track
odd = o Cut [hard] on one or more of pr,

displacement, e/u ID, vertex quantities

VELO

upstream track
long track

e VELO geometry restricts LLP vertices to
O(1cm) radial and O(10 cm) longitudinal

downstream track displacement from beam spot

VELO track

e Second trigger stage benefits from better resolution, higher efficiency, lower pr
thresholds, the addition of downstream tracks, full neutral and jet reconstruction

« Downstream tracks may be available in the first trigger stage in Run 4, R&D ongoing?
IR. Aaij et al., “Upgrade trigger: Biannual performance update”, LHCb-PUB-2017-005 (Feb. 2017)
2M. J. Morello, “Real-time reconstruction of long-lived particles at LHCb using FPGAs”, LHCb-TALK-2019-041 (Mar. 2019)
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LLPs in the VELO WARWICK

e LLP searches at radii more than a few mm see significant background from material
interations in VELO RF foil
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o Detailed material map (“imaging the VELO with itself”) improves sensitivity

IM. Alexander et al., “Mapping the material in the LHCb vertex locator using secondary hadronic interactions”, JINST 13, P06008
(2018), arXiv:1803.07466
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LLPs in the Turbo era

o« LHCb will not be able to store full event information in most events
o ...but remember, this is just because we will record a lot of events ;-)

e Increased focus on planning trigger selections not only for potential signals, but also
objects of interest that are “nearby” in the event

e Saving less information opens the door to saving more events

o This is an analysis-by-analysis choice/optimisation
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LLP trigger opportunities

o Key message is there are two major opportunities
e Software trigger will see the full bunch crossing rate = displacement cuts from the
very beginning, no need to get through a hardware trigger using e.g. CALO deposits
e Careful optimisation of required information will permit relaxed cuts and increased
trigger rates/efficiencies

e Of course increased luminosity also increases search sensitivity

o “Classic” model of [re]processing/mining inclusively triggered data offline will
generally have tighter cuts and reduced physics reach

e We can do “anything”; it’s a very flexible system. Multi-jet triggers, many-track
displaced vertices, multi-tau triggers...just need willing personpower!
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Summary WARWICK

e LHCD needs to run at higher £ — upgrade for Run 3 permits this
o Full software trigger @ 30 MHz needed to profit from this

e Many required techniques pioneered already in Run 2

o Turbo model; saving only a subset of information out of the trigger
o Real-time alignment and calibration; disk buffering to use CPU out-of-fill

e Removal of hardware trigger = track reconstruction in ~all LHC bunch crossings;
clear opportunities to boost displaced signal efficiencies
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Questions?
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LHCD trigger scheme — Runs 1 and 2

LHCb 2011 Trigger Diagram
40 MHz bunch crossing rate
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LHCD trigger scheme — Runs 1 and 2

LHCb 2011 Trigger Diagram LHCb 2012 Trigger Diagram
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LHCD trigger scheme — Runs 1 and 2

LHCb 2011 Trigger Diagram LHCb 2012 Trigger Diagram LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate 40 MHz bunch crossing rate 40 MHz bunch crossing rate
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