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Overview

There have been many improvements to the LHCb trigger in Run-II!

Optimisation and a larger
trigger farm let us do more

Offline quality reconstruction
allows more efficient + less
biasing selections

5 PB disk buffer between
trigger stages allows real-time
alignment + calibration [1]
and efficient trigger farm use [2]

Versatile system; recorded pp,
pHe, pNe, pAr, PbAr and PbPb
data in 2015! e.g. J/ψ in pNe:

)2dimuon invariant mass (MeV/c
2900 3000 3100 3200 3300 3400 3500

2
E

ve
nt

s 
/ 1

6 
M

eV
/c

0

20

40

60

80

100

120
LHCb Preliminary

p-Ne Collisions

2  1.2 MeV/c± = 19.4 σ
2  1.4 MeV/c±mean = 3094.1 
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L0 Hardware Trigger : 1 MHz 
readout, high ET/PT signatures

Software High Level Trigger

12.5 kHz (0.6 GB/s) to storage

Partial event reconstruction, select 
displaced tracks/vertices and dimuons

Buffer events to disk, perform online 
detector calibration and alignment

Full offline-like event selection, mixture 
of inclusive and exclusive triggers

LHCb 2015 Trigger Diagram
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Time shown to process 3 GB raw data file
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HLT1
1st software trigger; exclusive and inclusive (MVA-based) selections.
Charged particles traversing full detector with pT > 500 MeV/c are used.
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Exclusives for challenging modes (e.g. B0
s→ γγ)

and lifetime unbiased selections (e.g. D0→ h+h′−)

Tracks in the Vertex Locator are used for primary
vertex reconstruction in HLT1, HLT2 and offline

HLT2
The HLT2 reconstruction is now ∼identical to the offline reconstruction.
Full tracking, RICH and calorimeter reconstructions are run up-front

Advanced MVA-based ghost track
rejection (Fig. A) and high quality
particle identification information
(Fig. B) both decrease combinatorial
time and increase signal purity
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Figure 14: Reconstructed Cherenkov angle as a function of track momentum in the C4F10

radiator

ring does not overlap with any other ring from the same radiator.
Figure 14 shows the Cherenkov angle as a function of particle momentum using information

from the C4F10 radiator for isolated tracks selected in data (∼ 2% of all tracks). As expected, the
events are distributed into distinct bands according to their mass. Whilst the RICH detectors
are primarily used for hadron identification, it is worth noting that a distinct muon band can
also be observed.

5.3 PID calibration samples

In order to determine the PID performance on data, high statistics samples of genuine K±, π±,
p and p̄ tracks are needed. The selection of such control samples must be independent of PID
information, which would otherwise bias the result. The strategy employed is to reconstruct,
through purely kinematic selections independent of RICH information, exclusive decays of
particles copiously produced and reconstructed at LHCb.

The following decays, and their charge conjugates, are identified: K0
S → π+π−, Λ →pπ−,

D∗+ → D0(K−π+)π+. This ensemble of final states provides a complete set of charged particle
types needed to comprehensively assess the RICH detectors hadron PID performance. As
demonstrated in Fig. 15, the K0

S, Λ, and D∗ selections have extremely high purity.
While high purity samples of the control modes can be gathered through purely kinematic

requirements alone, the residual backgrounds present within each must still be accounted for.
To distinguish background from signal, a likelihood technique, called sPlot [23], is used, where
the invariant mass of the composite particle K0

S,Λ, D
0 is used as the discriminating variable.

The power of the RICH PID can be appreciated by considering the ∆logL distributions for
each track type from the control samples. Figures 16(a-c) show the corresponding distributions
in the 2D plane of ∆logL(K − π) versus ∆logL(p − π). Each particle type is seen within a
quadrant of the two dimensional ∆logL space, and demonstrates the powerful discrimination
of the RICH.
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Cutting-edge MVA techniques [3]
are used to inclusively select 2-, 3- and
4-body vertices for offline study (Fig. C)
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This additional information allows
selections that are less biasing in
decay time and phase space of
multibody decays, reducing
systematics
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With 100s of exclusive selections, HLT2 also performing real-time analysis!

Turbo stream
Major new feature for Run-II: the Turbo stream [4] saves candidates
direct from HLT2 with no raw event. More physics per byte!

1st publications are
√

s = 13 TeV
measurements of open charm [5]
(Fig. D) and J/ψ [6] (Fig. E)
cross-sections
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Fast turnaround; data ready for
analysis O(hours) after triggering.
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In 2015 Turbo was only used for
exclusive selections. In 2016 more
reconstructed objects can be saved.

Tune by analysis...do you want more
statistics or extra information?
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