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Abstract

An evolved real-time data processing strategy is proposed for high-energy physics
experiments, and its implementation at the LHCb experiment is presented. The
reduced event model allows not only the signal candidate firing the trigger to be
persisted, as previously available, but also an arbitrary set of other reconstructed
or raw objects from the event. This allows for higher trigger rates for a given
output data bandwidth, when compared to the traditional model of saving the
full raw detector data for each trigger, whilst accommodating inclusive triggers
and preserving data mining capabilities. The gains in physics reach and savings in
computing resources already made possible by the model are discussed, along with
the prospects of employing it more widely for Run 3 of the Large Hadron Collider.
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1 Introduction1

Experimental tests of the Standard Model must become ever more precise if small effects2

due to new physics are to be observed. At the Large Hadron Collider (LHC), both the3

instantaneous luminosity and centre-of-mass energy of the colliding proton-proton beams4

are periodically increased to meet this challenge. Transitioning from Run 2, ending in 2018,5

to Run 3, starting in 2021, the instantaneous luminosity delivered to the experiments will6

increase by a factor of five. At such intensity frontiers, interaction rates can be dominated7

by signal processes, such that saving the full raw detector information for all signal triggers8

is not feasible due to limited computational resources. As an alternative, reduced event9

formats are already being employed by the CMS, LHCb, and ATLAS experiments [1–3],10

wherein a subset of the high-level event information computed in the final software trigger11

stage is recorded and sent to permanent storage.12

Typically, the reduced format contains information pertaining only to the reconstructed13

physics objects which fired the relevant set of trigger lines, as well as some event summary14

information. The former may be the momentum and particle multiplicity of the highest15

energy jet in an event, for a jet trigger, or a set of four momenta and decay vertex positions,16

for a heavy flavour decay trigger. Such an approach provides a maximal reduction in17

persisted event size whilst allowing for a continuation offline of whatever analysis was18

performed in the trigger, extending the physics reach of the experiment within limited19

computational resources. However, it also restricts the utility of an event for broader20

analysis and data mining. Such a reduction is then unsuitable for inclusive triggers, which21

constitute a large fraction of trigger output rates, as well as for analyses in which other22

information may be required later, such for performing flavour tagging or isolation studies,23

the exact input to which may not be well-defined at the time of the trigger decision.24

Reducing the average event size allows for a higher trigger output rate within the available25

bandwidth, which is usually constrained by offline computing resources.26

The LHCb experiment has pioneered the widespread usage of a reduced event format27

since the beginning of Run 2. This has been driven by the desire to continue the rich28

charm physics programme started in Run 1, in spite of the large charm production rate29

in the detector acceptance being 25 times larger than that for beauty [4, 5]. Today,30

almost all events selected by charm triggers are persisted in a reduced format, enabling31

analyses that would other not be possible within the available resources. In Run 3, the32

production rate of both charm and beauty hadrons will scale not only by the factor-five33

increase in instantaneous luminosity, but also by a factor two due to the implementation34

of a higher-efficiency full software trigger [6, 7]. Given the strong reliance the beauty35

programme has on inclusive triggers [8], the style of reduced event formats previously36

described are not sufficient, and so this model must be extended if the charm and beauty37

programme can be sustained into the future.38

A significant evolution of the reduced event model is proposed here, in which additional39

reconstructed objects in the event are selected and persisted after the trigger decision40

has been made. When implemented with sufficient flexibility, this allows for fine-grained41

tuning between trigger output bandwidth and event utility offline. Since mid-2017, such42

a scheme has been adopted in the LHCb trigger, resulting in substantial bandwidth43

savings without a loss of physics reach. The reduction in bandwidth has allowed for the44

introduction of new trigger lines, increasing the physics scope of the experiment. It is45

foreseen that the reduced event format will be adopted for a majority of the LHCb physics46
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programme in Run 3. The latest evolution, presented here, now caters for almost all use47

cases.48

The LHCb detector and trigger system is described in Section 2, and the need for49

a fully flexible reduced event format in Run 2 is motivated quantitatively. A technical50

overview of the new format is given in Section 3 and its performance is presented in51

Section 4 along with prospects for Run 3. A summary is given in Section 5.52

2 The LHCb detector and trigger strategy53

The LHCb detector is a forward-arm spectrometer designed to measure the production54

and decay properties charm and beauty hadrons with high precision [9, 10]. Such objects55

are predominantly produced at small angles with respect to the proton beam axis [11]. A56

tracking system is used to reconstruct the trajectories of charged particles, and consists of57

a silicon vertex detector surrounding the interaction region (VELO), a silicon strip detector58

located upstream of a dipole magnet (TT), and three tracking stations downstream of the59

magnet, which consist of silicon strip detectors in the high intensity region close to the60

beamline (IT) and a straw-tube tracker in the regions further from the beamline (OT).61

Neutral particles are identified with a calorimeter system consisting of a scintillating pad62

detector (SPD), an electromagnetic calorimeter preceded by a pre-shower detector (ECAL,63

PS), and a hadronic calorimeter (HCAL). Charged particle identification is provided by64

combining information from the ring-imaging Cherenkov detectors (RICH1 and RICH2),65

the wire chambers used to detect muons, and the calorimeter system. Shower counters66

located in high-rapidity regions either side of the main detector can be used to veto67

events with particles produced at a very low angle to the beam, used for studies of central68

exclusive production [12]. The LHC provides proton-proton collisions to the experiment69

at a rate of 30 MHz during most run periods. The detector also operates during special70

physics runs, which can provide heavy ion collisions with lead and xenon nuclei, and in a71

fixed target mode where a noble gas is injected in the interaction region [13,14].72

During nominal operation of the LHC, a typical signal process occurs at a rate of73

around 10 Hz. To filter out the large majority of collisions that do not contain interesting74

information, and to fit the experimental output rate into the available computing resources,75

a three-stage trigger system is employed, illustrated in Fig. 1. In total, it reduces the event76

rate by three orders of magnitude, with the output being sent to permanent storage. The77

level-0 hardware trigger (L0) uses information from the calorimeter and muon systems78

to compute a decision using field-programmable gate arrays within a fixed latency of79

4 µs. Events are selected by the L0 at a rate of 1 MHz, and are sent to an event filter80

farm where they are processed by the two-stage high level trigger (HLT) on commodity81

servers. The first stage, HLT1, uses tracking and calorimetry information to perform a82

simplified charged particle reconstruction in order to confirm the L0 decision, and writes83

the raw information for each passing event to a 10 PB disk buffer at a rate of around84

110 kHz. Asynchronously to HLT1, the data in the buffer are used to compute alignment85

and calibration constants which, if significantly different from previous runs, are saved to86

a conditions database [15]. The second stage of the software trigger, HLT2, performs a full87

event reconstruction using the latest alignment and calibration constants and all detector88

information. Selections in HLT2 span a spectrum from inclusive selections, which require89

the presence of a heavy flavour decay signature such as a displaced multi-body vertex or a90
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high transverse momentum lepton, and exclusive selections, which fully reconstruct signal91

decays. Events are written to offline storage from HLT2 at a rate of around 12 kHz.92

Within the HLT, an event comprises a set of so-called sub-detector raw banks, each93

containing the zero-suppressed readout of a given sub-detector. Each trigger stage adds a94

set of trigger raw banks to the event which summarise how the event passed that stage.95

Selected events are persisted to a set of streams in permanent storage, being sent to given96

streams depending on which selections triggered the event in HLT2. During this streaming,97

different raw banks may be kept or removed depending on the stream the event is sent to.98

An event may be sent to multiple streams, and different sets of raw banks for that event99

can be saved in each stream. Around half of the total LHCb trigger rate is sent to the full100

stream, where the full set of detector and trigger raw banks are saved, with the trigger101

reconstruction being discarded. Events in the full stream are reconstructed by a separate102

application offline, followed by a set of physics selections that reconstruct thousands of103

decay chains for direct analysis. This scheme is common to many other experiments,104

where it is universally true that the trigger reconstruction is of poorer quality to that of105

the offline reconstruction in order to fit within the timing constraints of the online system.106

The remaining trigger rate is sent to the Turbo stream, where a reduced event format is107

persisted, described in detail in Section 3, and the TurCal calibration stream, where both108

the reduced and full formats are kept. The motivation for such a format now follows.109

2.1 Real-time analysis110

Here, ‘real time’ is defined as the interval between a collision occurring and the point111

at which the corresponding event must be either discarded forever or sent to permanent112

storage. In most high-energy physics experiments, this interval cannot exceed the time113

between collisions as their trigger systems are synchronous. A multi-stage trigger allows114

each stage more processing time than the previous, however each subsequent stage requires115

more computing power (otherwise the work could have been performed in the previous116

stage). The addition of a disk buffer decouples trigger stages, affording several benefits.117

Most importantly, a buffer increases the effective computation time allowed in the latter118

trigger stage as it can then operate in periods when data are not being collected. The119

increase in time is proportional to the size of the buffer, and allows for for more work to120

be done during event processing, such as additional physics selections or a more detailed121

reconstruction.122

During Run 1 of the LHC (2010–2012), LHCb installed a disk buffer such that 20 %123

of the HLT1 output was deferred to disk, allowing HLT2 to be run when the LHC was in124

downtime. Between Run 1 and Run 2, the buffer size was increased to 10 PB, such that125

‘real time’ now typically means days or even weeks. The effective increase in computation126

time has been exploited in two ways: the execution of the aforementioned real-time127

detector alignment and calibration on the data in the buffer; and the implementation128

of the full offline reconstruction in HLT2. With these substantial additions, the HLT2129

reconstruction is of equal quality to that offline, such that full physics analyses can be130

performed in real time in the trigger without a loss of precision. This permits trigger131

selections to be much closer or identical to those applied in the final analysis offline, as132

there are no resolution effects between online and offline to be accounted for. Hence,133

such an offline-quality real-time analysis technique can reduce experimental systematic134

uncertainties, in addition to saving money as tighter trigger selections are acceptable,135
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Figure 1: Schematic of the LHCb trigger scheme in Run 2. The green boxes represent trigger
stages, the blue ellipses represent storage units, and arrows between elements represent data
flow, labelled with the flow rate. Events that reach a terminal storage unit are kept for offline
analysis.

reducing rate and output bandwidth.136

With an offline-equivalent reconstruction in the final trigger stage, it is no longer137

necessary to perform a second reconstruction offline, if instead the objects created in the138

trigger can be written out to permanent storage directly. Analyses can then be performed139

on these objects. This technique saves additional resources, both computational and140

monetary, as output bandwidth is further reduced and subsequent offline processing141

is negligible. Analysis of trigger-level information offline has been used at the CMS142

experiment [1], called ‘scouting’, and at the ATLAS experiment [3], called ‘trigger-object143

level analysis’. Although the method has extended their physics reach, in both cases only144

object summaries are available for analysis, rather than offline-equivalent constructs, and145

the trigger reconstruction is worse than if the full event were reconstructed offline. Since146

2015, the LHCb experiment has employed a persistence model, called ‘Turbo’, that allows147

offline-equivalent information to be saved, sacrificing neither physics performance nor148

analyst convenience, as existing tools can be used to process the data.149

Until recently, the reduced event formats employed by the LHC experiments have150

described only the objects that enter into some trigger selection, such as a jet or a charm151

hadron and its decay products. These formats are then only useful in reducing the output152

bandwidth of exclusive trigger lines, as an inclusive trigger decision does not necessarily153
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require all the information on the physics process of interest by definition. In this case,154

inclusive triggers must persist the full event, such that the rest of the information required155

for the analysis can be extracted later. At LHCb, the majority of the beauty physics156

programme is captured by a set of inclusive trigger lines that require a displaced decay157

vertex with high transverse momentum [16,17], as these are characteristic of the decays of158

beauty hadrons. It is not feasible to write exclusive trigger lines for every beauty decay159

of interest, partly because the complete set is not known today and partly because the160

the trigger timing budget is not sufficient, and so a more advanced real-time persistency161

model is required to accommodate the beauty programme.162

The migration of large parts of the beauty programme from the full stream to the163

Turbo model is core feature of the LHCb upgrade [6], scheduled to begin data-taking in164

2021, when the available computing resources cannot cope with the expected increase in165

beauty production a of factor 5. The charm physics programme is similarly bandwidth-166

constrained today, and is only viable due to the implementation of the Turbo model167

for Run 2. The model and its evolution throughout Run 2, discussed in the following168

Section, is able to further benefit the charm programme today. The impact of the model169

is discussed in Section 4.170

3 The Turbo data processing model171

The Turbo data processing model has evolved considerably over the course of Run 2. The172

initial prototype, established in 2015 and described in detail in Ref. [2], involved the173

saving and subsequent analysis of individual decays from an event fully reconstructed in174

the trigger. In this section, three new developments to the Turbo processing model are175

described, which together allow for almost all LHCb analyses to be accommodated.176

In order to perform physics analyses with the trigger reconstruction, decay candidates177

must appear in the same format as expected by the output of the traditional processing,178

such that the existing analysis tools can be used. Measurements of CP -violating asym-179

metries along with searches for new states and rare decays are made using datasets that180

are produced from containers of physics object classes written in C++. These must be181

serialised per event into raw banks in order to conform with the trigger output format, as182

illustrated in Fig. 2. The initial prototype of the Turbo model [2] made use of a serialisa-183

tion method unique to the HLT that was designed to store only the trigger candidate.184

To allow for additional objects to be persisted, the serialisation framework used in the185

offline infrastructure was adapted to work within the online system. This increases the186

compatibility between analyses using the online and offline reconstructions, and requires187

that only one serialisation framework be maintained. In addition, Turbo trigger lines188

were augmented to allow for a set of additional selections to be defined that run after the189

trigger decision has been made, within which any reconstructed objects can be captured.190

At the end of each event processing, the set of all C++ physics objects selected by all191

Turbo trigger lines is copied to a common location in memory. The instances in the copied192

location are then compressed and serialised into raw banks [18], suitable for transfer within193

and out of the online system.194

The Tesla application runs offline to transform the HLT2 output into a format195

that is ready for analysis. This involves a file conversion from serialised raw data to a196

more compressed format used by the offline storage, and the computation and storage of197
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Figure 2: Data flow in saving and restoring trigger objects from online (left) to offline (right) [2].

information necessary for luminosity determination. Tesla also ensures that additional198

information calculated in the online reconstruction is accessible to standard analysis199

tools, for example event-level sub-detector occupancies and information calculated using200

the whole reconstructed collision. When processing simulated collisions, the application201

also matches reconstructed objects to true simulated objects. In comparison with the202

traditional model of an additional offline reconstruction, the processing cost of running203

Tesla is negligible. In principle, some or even all parts of the work done by Tesla204

can be moved into the trigger itself in the LHCb upgrade, such as if compressed object205

containers were written directly out of HLT2 instead of encoding them into raw banks.206

With the serialisation and file preparation frameworks in place, different levels of207

granularity on what physics objects to select are now available. In the following, the208

resulting flexibility is explained, such that all analyses can take advantage of the real-time209

model.210

3.1 Standard Turbo model211

A majority of Turbo trigger lines define exclusive selections where the full decay is212

completely specified, and no additional objects from the event are required for subsequent213

analysis. In this model, the objects saved are:214

• The reconstructed decay chain that fired the line, which comprises:215

– The set of all tracks and neutral objects, calorimeter and PID information216

relating to those objects, and decay vertices that form the candidate.217

– The tracking detector clusters associated to the candidate tracks, such that218

the tracks can be re-fitted offline.219

• All of the reconstructed primary vertices (PVs) in the event, which are necessary to220

perform PV mis-association studies offline.221
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Table 1: Average event sizes for trigger lines requesting varying levels of information persistence.

Persistence method Average event size (kB)

Turbo 7
Selective persistence 16

Complete persistence 48
Raw event 69

Other reconstructed objects in the event as well as the raw data are not kept for offline222

processing by default. That allows for a significant reduction of the event size and hence223

also trigger output bandwidth. Moreover, the offline reconstruction step is omitted, offline224

disk space and CPU processing time are also saved. This model has been operational since225

the beginning of data-taking in 2015, and enabled the first LHCb Run 2 measurements to226

be presented 18 days after the data were collected [4, 5].227

3.2 Complete reconstruction persistence228

In order to use Turbo model for inclusive triggers, the ability to store all the reconstructed229

objects in the event as introduced in the beginning of 2016. It is made available on230

a per-trigger basis by a flag which line authors can set. When enabled, the full event231

reconstruction as performed in HLT2 is persisted in addition to the information described232

in Section 3.1. feasible the full reconstruction is slightly smaller than the raw event, and233

because both disk and space savings are still made offline due to the lack of additional234

processing, this technique permits high-rate inclusive triggers that would otherwise not235

be feasible [19].236

Persisting the whole reconstructed event is expensive in terms of event size in compar-237

ison with only saving the trigger candidate, as shown in Table 1. In most cases, only a238

small additional part of the full reconstructed event is required in an offline analysis, if239

at all. Therefore, a middle-ground between persisting only the candidate or the whole240

reconstructed event is introduced.241

3.3 Selective reconstruction persistence242

Unlike the full reconstruction persistence, selective persistence allow a user to explicitly243

specify which information, apart from the trigger candidate itself, should be stored. This244

allows for a significant event size reduction and without the usual sacrifice of allowing for245

exploratory analysis offline. At the beginning of 2017, trigger lines were augmented with246

the ability to allow an arbitrary set of additional selections that are executed after the247

trigger decision has been computed. A typical additional selection captures objects in248

the event that are somehow related to the trigger candidate, however any selections are249

possible.250

As a concrete example, a Turbo line is triggered on a reconstructed D0→ K−π+ charm251

decay, as shown in Fig. 3, and the information specified in Section 3.1 is saved. If complete252

reconstruction persistence is enabled for this line, the underlying reconstructed event253
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Figure 3: A cartoon of the same reconstructed event with vary levels of object persistence:
Turbo (top); selective persistence (middle); and complete reconstruction persistence (bottom).
Solid lines and grey circles represent objects that are persisted in each case. A Turbo trigger line
may also ask for one or more sub-detector raw banks to also be stored, shown as solid rectangles.

will also be stored. With selective persistence, additional objects to persist are instead254

specified explicitly, such as all charged pions that are associated to the same PV as the255

D0 and that form a good-quality excited D∗± candidate. The selection framework allows256

for requirements to be made on both the pions themselves and on the D0π±-combination,257

but then only the pions that pass these cuts are persisted for the later analysis. The258

D∗± candidates are discarded, saving space, but can be built again exactly in the offline259

processing if required. Similar selections can be added for other extra particles, such as260

kaons, photons, and hyperons to support a wide spectrum of charm spectroscopy analyses261

with a single trigger line.262

In the LHCb upgrade for Run 3, selective persistence is a key ingredient in the263

migration of the physics programme to the real-time analysis model. One expected264

use-case is flavour tagging, on which a large number of the analyses rely to determine265
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the initial flavour of a beauty or anti-beauty meson. The decision of one or more tagging266

algorithms together with the probability of the assigned flavour being wrong is computed267

using a set of reconstructed objects in the event, typically objects that are related to268

the same PV as the signal decay. This set can be loosely defined upfront and added as269

additional selections to Turbo lines which reconstruct the signal beauty hadron decays270

of interest. As the tagging algorithms undergo improvements during data-taking, the271

flavour tagging can be re-run offline using the information captured by the additional272

selections. Initial studies show that the set of reconstructed objects required as input to273

the tagging algorithms constitute only around 10 % of the space required by persisting274

the full reconstruction.275

3.4 Selective raw persistence276

There are some instances in which saving all possible information from an event is required.277

One important example is for efficiency determinations from calibration samples. Today,278

detector-level efficiencies are determined from control channels whose trigger lines that279

save the full raw detector information. The high bandwidth associated with doing this280

means that the choice and selection of control channels is severely restricted, which in turn281

impacts the calibration sample size and leads to larger uncertainties on the efficiencies.282

The ability to select the efficiency of a given aspect of the reconstruction requires saving283

detector hits that were not used in the reconstructed object. However, the efficiency of284

reconstructing tracks with the OT, for example, would require saving only the raw banks285

associated with that sub-detector, and would not need the banks associated with the286

calorimeter or the RICH sub-detectors. If a more fine-grained, per-trigger specification287

of required raw banks was possible, the resulting bandwidth savings would allow the288

calibration samples to more than double in size, resulting in more accurate physics289

measurements.290

In order to accomplish this, an algorithm has been installed that on initialisation,291

determines the list of trigger selections and their associated raw bank requirements from292

the trigger configuration, as shown in Fig. 4. On a per-event basis, the decision of each293

trigger selection is examined and the superset of the required raw banks is persisted to294

the corresponding output stream. Raw banks not requested by any firing trigger line are295

discarded.296

4 Achievements in Run 2 and prospects for Run 3297

Since the beginning of Run 2 in 2015, a considerable fraction of triggered events has been298

sent to the Turbo stream. Today, in 2018, the number of Turbo triggers is around 50 % of299

the number of full stream triggers, however the Turbo stream bandwidth is 25 % smaller300

due to the reduced average event size. Physics measurements made possible using the301

Turbo model include charm and J/ψ cross-sections [4,5], the discovery of new ground-state302

and excited charm baryons [20,21], searches for dark photons [22], and the characterisation303

of charmonium within jets [19]. This Section summarises how the new Turbo persistency304

model has increased physics reach whilst reducing the event size since its introduction in305

2016, and the prospects for using the technique in Run 3.306

As an example of the gains that can and have been made, we consider a subset of307
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Figure 4: Algorithm flow to decide whether a given raw bank is persisted in the Turbo event for
the current event.

Turbo trigger lines that exclusively reconstruct and select Cabibbo-favoured decays of308

ground-state charm hadrons, such as D0→ K−π+ and Λ+
c → pK−π+ and their charge309

conjugates, originating directly from beam-beam interactions. The trigger lines are310

intended for calibration studies, as the properties of these objects and decays are well311

known, and for charm spectroscopy, searching for and characterising excited charm states312

that cascade down to the ground states. In 2016, these triggers were enhanced by the313

addition of the complete reconstruction persistence, detailed in Section 3.2, to allow314

for excited states to be reconstructed offline. The average event size increased from315

7 kB in 2015 to 48 kB. (The average size across all Turbo events is 42 kB, illustrating316

the dominating rate of these selected processes.) In 2017, the spectroscopy lines moved317

to using the selective reconstruction persistence described in Section 3.3, reducing the318

average event size for those events to 16 kB. In turn, the Turbo bandwidth decreased319

from 139 MB s−1 to 79 MB s−1, and allowed for the introduction of new inclusive charm320

baryon Turbo trigger lines that would have otherwise not been possible within the given321

computational resources. The selections used to reduce the set of persisted objects from322

the spectroscopy lines was chosen to align exactly with the selections used for spectroscopy323

offline, and so are 100 % efficient by definition.324

Reducing the amount of persisted information comes with inherent risk, as the set325

of information needed for a given analysis is not always known upfront, and indeed326

the analysis itself has often not been conceived. However, as stated in Section 1, it is327

anticipated that an even larger fraction of the LHCb physics programme must move to the328

Turbo mode in Run 3 to fit within available resources, and so some reduction is necessary.329

The factor-five increase in instantaneous luminosity means a corresponding increase in the330

average number of visible beam-beam interactions per crossing, and so and a relatively331

safe selection is to discard objects which can be clearly identified as originating from332

primary vertices other than those associated to the signal trigger object. Inclusive triggers333

can be migrated to selective persistence by augmenting them with inclusive selections334
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made on top of the trigger candidate that add additional objects. For example, tracks335

that form a very poor quality vertex with the inclusive candidate would not be used in336

an offline analysis, so could already be discarded at the trigger level, saving bandwidth.337

Preliminary studies have shown that efficiencies for fully reconstructing signal decays with338

selective persistence can be around 90 % that when saving the full reconstruction, whilst339

rejecting over 90 % of the unrelated objects in the event. While promising, further work340

is needed to quantify any possible biases which may be associated to the signal decays341

which are not captured by the selective persistence.342

5 Summary and conclusions343

Reduced event formats allow for more physics within available computational resources,344

but this is usually countered by a poorer quality reconstruction (that in the trigger rather345

than offline) and reduced data mining capabilities. Such 2015, a real-time alignment and346

calibration procedure and the introduction of a large disk buffer between trigger stages has347

allowed the LHCb experiment to deploy and exploit its Turbo model, where offline-quality348

signal candidates are persisted directly from the trigger for later analysis. This has been349

necessary for the existence of the charm physics programme in Run 2.350

Since 2017, the Turbo model been has overhauled and extended to allow an arbitrary351

subset of the trigger reconstruction and raw sub-detector information to be persisted352

along with the trigger candidate. As such, the model is now capable of supporting the353

entirety of the experiment’s broad research programme, and in particular the parts which354

rely on inclusive triggers. Given the large increase in instantaneous luminosity foreseen355

in Run 3, this evolution completes a crucial step in allowing the continuation of today’s356

physics analysis in the future.357

The updated Turbo model has already provided a 50 % reduction in comparison with358

saving the full reconstruction, and this saving has been exploited by the addition of359

new high-rate triggers which would otherwise could not have been accommodated within360

available computing resources. Even larger gains should be possible when applying similar361

techniques to the remaining set of triggers, and studies are ongoing into these avenues.362
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