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LHCb detector
• Built to study beauty and charm decays at the LHC 

• Excellent PID performance 
• Excellent vertex resolution 

• Flexible and efficient  
trigger 

• LHC Run II 
• 2015 - 2018  
• 13 TeV collisions 

•  
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Run II trigger
• Trigger strategy during Run II 

• Provide good performance for a very wide physics programme 
• Details on Run II tracking and reconstruction available in the  

poster session  

• Three stage trigger 
• L0 hardware trigger - reduces the rate from 40 MHz to 1 MHz  

using CALO and MUON information 
• Hlt1 - fast reconstruction performed, followed by one and two  

track MVA selections. Rate reduces from 1 MHz to about 100 kHz 
• Hlt2 - full event reconstruction, hundreds of trigger lines   

(both inclusive and exclusive) reducing the rate from 100 kHz  
to around 12.5 kHz
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[Laurent Dufour, Renata Kopečná,  
Alex Pearce, Maarten van Veghel]
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Run II trigger
• Disk buffer between Hlt1 and Hlt2 

• Perform online detector calibration and alignment 
• Allows for physics analysis straight from the trigger 

• Turbo stream - see Alex Pearce’s talk!
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Disk buffer
• Disk buffer between Hlt1 and Hlt2 

• 11 PB of storage, two weeks contingency when filled at 100 kHz by Hlt1. Effectively 
doubles available CPU resources 

• During fill - Hlt1@~100kHz, Hlt2 uses  
remaining CPU resources 

• Out of fill - Hlt2 runs at 100% 

• Buffer constantly monitored 
• If the buffer is at risk of being filled  

due to exceptional LHC performance  
we can tighten Hlt1 to fill it more  
slowly. 

• In practice this has not yet been  
required
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Why do we want to upgrade for Run III?
• We currently level our luminosity at  

• Huge gains available if we can run at  
higher luminosities 

•Why do we run at lower luminosity? 
• Design choices for our physics programme  
• Detector and trigger limitations 

• Note that upgrading for Run 3 is before the HL-LHC era in Run 4 onwards
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LHCb in Run I (and Run II)

LHCb Run I

LHCb upgrade

LHCb limitations and upgrade

Run III target

Run I and II

Huge gain in physics capabilities if able to run at larger luminosity                          

LHCb will further expand its physics program as GPD.

[CERN-LHCC-2011-001]

☞μ = 1.1-1.8 

☞μ = 7.6 ☞50 fb-1

☞3 (Run I) + 5 (Run II) fb-1 

New detectors and 
trigger strategy.

LHCb upgrade and trigger strategy

[Run I]
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Run I + II target : 8 fb-1  
Run III + IV target: 50 fb-1

A real fill with the  
upgrade overlaid
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Upgrade challenge
• A change in paradigm for the trigger 

• 24% (2%) of bunch crossings contain a charm (beauty) hadron 
• Obviously we cannot save them all at a rate of 30MHz * 0.25 = 7.5MHz! 

• Must separate signal from backgrounds, but also signals from other signal decays 

• Trigger must be flexible and efficient 
• No one size fits all solution 

• Need to cater for high rate charm and  
very rare B decays at the same time 
• Turbo paradigm is the way forward 

• We are limited by bandwidth, not the  
rate, so smaller event sizes let us save 
more signal events! 
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The MHz signal era for LHCb
The rules of the games at 5 times larger luminosity are different 

☞24 % (2 %) of events contains a charm (beauty) hadron. 

☞We can store only 2-10 Gb/s offline. 

☞Separate signal/background but also efficiently separate signals from 
other signals. 

☞Trigger has to be flexible and efficient.

LHCb upgrade and trigger strategy



05/07/2018

Upgrade detector
• Upgrade detector must deal with a factor of 5 more instantaneous luminosity  

• Talks from Giovanni Passaleva,  
Stefano De Capua and  
Michele Piero Blago 
• Replace the tracking 

• Aim to maintain Run II  
performance 

• LHC Run III 
• 2021 onwards 
• 14 TeV collisions 

•  
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Pixels

UT SciFi
     Current                         Upgrade                    
 
 
 
 
 
 

S. Stahl, 6/10/17 LHCb Upgrade trigger and reconstruction  2

LHC, opportunity for flavour physics
● LHC provides 30 MHz of proton bunch crossings

● LHCb, per crossing 1.1 collisions, times 5 for the Upgrade, …

Current Upgrade Phase 2 Upgrade
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Upgrade
• Change trigger strategy - remove the readout limitation 

• Remove the hardware trigger 
• Readout is inefficient, expect a factor of two improvement  

for hadronic modes 

• Move to a full software  
trigger  

• Read out the full detector  
at 40 MHz 

• Replace the entire tracking  
system
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☞Too inefficient to keep 1 MHz FE read-out

☞Fully software based trigger : 

handle efficiently the more complex 
event topology.  

☞Read out all detector at 40 
MHz.  

☞Replace the entire tracking 
system.

At larger luminosity with current detector

Strategy for the upgrade

LHCb limitations and upgrade

design Run I/II

Scaling of trigger yields with current LHCb

[CERN-LHCC-2014-016]

LHCb upgrade and trigger strategy
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Upgrade
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LHCb-PUB-2017-005

Re use the Run II strategy

Full event reconstruction 
• Best tracking performance, add PID information 
• Offline quality selections 
• Physics analysis on output of the trigger

Partial event reconstruction 
•Data preparation for tracking 
•Track reconstruction 
•Efficient event selection to reduce the  

rate to between 500 - 1000 kHz
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• Take advantage of the Run II trigger strategy 
• Perform a fast reconstruction stage in Hlt1 for selections and alignment and calibration  
• The second, best, stage performs the rest of the reconstruction in Hlt2

Upgrade tracking and reconstruction
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Tracking and reconstruction
• Take advantage of the Run II trigger strategy

• Perform a fast reconstruction for alignment and calibration
• Second, best, stage performs the rest of the reconstruction

• Offline quality - no need for further processing

8th July 2017 EPS 2017 Venice - M. Whitehead 6

Upgrade trigger: Biannual performance update Ref: LHCb-PUB-2017-005

Public Note Issue: 1

2 Reconstruction Sequence Date: February 23, 2017

minimum bias events as no selection is presently applied between it and the fast stage. Future iterations
will be optimised subject to available CPU, disk buffer space, and physics performance requirements
which will determine the optimal balance between retention after the fast stage.
In the current best stage, VELO tracks from the Fast sequence are used to find additional long tracks
with a decreased transverse momentum threshold of 50 MeV/c. Additional T tracks are found using a
seeding algorithm which looks for track seeds inside Sci-Fi detector, serving as input to the downstream
tracking and track matching. All tracks are then combined into the ‘best’ track container with the
addition of a clone-killing algorithm and an additional Kalman Filter. These serve as input to the
remaining algorithms and subsequent trigger selections.

Figure 1: A schematic view of the fast tracking stage.

Figure 2: A schematic view of the best tracking stage.

2.5 Changes to individual algorithms since the trigger TDR

The reconstruction algorithms that form the fast and best sequences serve the same purpose as they
did in the Run 1 and Run 2 trigger. As such, many of those described in the trigger TDR are under
ongoing development to serve both the Run 2 trigger, and in preparation for the upgrade. Changes to
these algorithms since the trigger TDR are described here:

2.5.1 VELO

VELO tracks are reconstructed using a simple track following algorithm, using seed tracklets formed
from pairs of clusters on adjacent modules within a certain range of slopes. At the end of the track

page 5

LHCb-PUB-2017-005

LHCb-TDR-017
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• Must also prepare data for the algorithms 
• This uses a significant amount CPU  

resources and makes up half of the  
current timing budget 

• Decoding of the raw data 

• Performing clustering for the VELO 
• SciFi and UT have clusters in  

the raw data 

• A global optimisation 
• Fast algorithms are critical but so  

is preparing the data for them as  
efficiently as possible

Data preparation
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• High occupancy events take longer to process 
• Typically not representative  

of signal topologies anyway 

• Most algorithms scale  
linearly 

• Reject events that take a  
long time to process 
• More efficient to reject  

them and use the time to  
process more signal decays

Effect of detector occupancy
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GECs
In TDR we applied GEC on true number of FT + UT hits at 11.000 

For this update, GECs retuned since they applied on Raw Bank size

If we change the definition of RawBanks (for SciFi) , we need a dedicated study of new 
GEC cut. For this update a cut at 9750 is applied to reject 10% events. 
For the current Forward tracking, we are applying GEC close to the “Breakdown voltage”  

value.

Number of SciFi and UT Hits
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• Framework 
• Move from Run II framework  

to multi-threading framework  
 - how much can be gained? 

• Throughput studies 
• 20% improvement with  

multi-threading from the  
framework alone! 

• Tested on 20 physical cores  
with 40 hyper-threaded cores

Throughput for Hlt1 tracking sequence
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Figure 4.2: Throughput of the displaced-track reconstruction sequence, as a function of the product of
the number of processes and number of threads, for di↵erent number of threads per process, as indicated
in the legend. The throughput peak performance is 12400 evt/s/node for 2 processes and 20 threads per
process. The “non-Hive” line indicates the performance that is achieved without multithreading.

Figure 4.3: Maximum throughput of the displaced-track reconstruction sequence, as a function of the cut
on the impact parameter (in µm), for di↵erent transverse momentum thresholds in the pattern recognition
algorithms, as indicated in the legend.
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• Track fit (Kalman filter) uses a significant part of the Hlt1 budget

Kalman filter
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• Track fit (Kalman filter) uses a significant part of the Hlt1 budget 
• Run I - Material look-up and B field propagation 
• Run II - Material map replaced with a simplified model 

• Going further for the upgrade… 
• Parameterised Kalman - replaces material and B-field  

with analytic functions 
• Much faster and already has excellent performance

Kalman filter
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Triggering

Introduction

Run 2 Trigger

HLT1

Bu↵er

Alignment &

Calibration

HLT2

Turbo

Upgrade

Triggerless readout

Run 3 trigger

Challenges

Conclusions

C. Fitzpatrick

December 13, 2017

Using fewer cycles
I Track fit (Kalman Filter) uses a significant fraction of HLT1 budget
I Run1: Material lookup + B-field propagation
I Run2: Material map replaced with a simplification

I For the upgrade, one step further:
”Parameterised Kalman”

I Replace both material and B-field with analytic
functions

I Much faster and already excellent performance
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• Study efficiencies using signal MC samples 
• Already better than Run II (removal of the hardware trigger) 
• Study efficiencies as a function of pT and track displacement

Optimisation
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Figure 6: Combined HLT1 e�ciency as a function of (left) hadron decay time and (right) hadron
transverse momentum. The e�ciency is shown for (blue) B0

s ! �� and (red) D0 ! K0
S⇡

+⇡�.
Open and closed circles correspond to the tight and loose HLT selections, respectively.

removal of the hardware trigger criteria means that the upgrade sequence is still more227

e�cient as a whole. We would of course like to do even better and remove or at least228

loosen this IP threshold and lower the tracking pT threshold. In this respect it is actually229

encouraging that the sequence is currently bottlenecked by data preparation and the VELO230

reconstruction, since improvements to these would allow the IP and pT thresholds to be231

relaxed even without improvements to the VELO-UT or Forward reconstruction. Of course232

improvements to the VELO-UT and Forward reconstruction would also be important,233

particularly in creating room to integrate the muon reconstruction and identification into234

the sequence.235

7 Conclusion and outlook236

We have presented the physics performance and throughput of the best currently achievable237

HLT1 reconstruction sequence for the LHCb upgrade, which can process 12.4 MHz of238

events while maintaining signal e�ciencies of around 40-75% for beauty and 10-20%239

for charm hadron decays for HLT1 output rates between 0.5 and 1 MHz. We have240

demonstrated that the throughput of this reconstruction sequence is equally limited by241

the data preparation and pattern recognition components of the sequence, and we have242

presented a detailed profiling of the relevant algorithms and highlighted areas where243

improvements can be expected. We have also drawn attention to where improvements will244

require changing what information is stored or passed between reconstruction algorithms,245

which should be taken into consideration when designing a new event model for the246

LHCb upgrade. Finally we note that although not yet at 30 MHz, the presented sequence247

represents a significant step forward from that evaluated in the last biannual performance248

review [3], with a roughly threefold improvement in throughput. This throughput comes249

at a cost of physics performance for prompt, charm and light-quark physics, and further250

work is required to both achieve a 30 MHz throughput and to be able to remove or loosen251

the displacement and transverse momentum criteria inside the reconstruction. We hope252

that this note will serve as a useful documentation to guide this e↵ort.253
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• The Run II trigger strategy leads us to the upgrade trigger 
• No hardware trigger - software part to run at 30 MHz 
• This is a real challenge and great progress is being made 

• Displaced-track reconstruction sequence in place 
• Throughput is now equally limited by data preparation and reconstruction algorithms 

• Detailed profiling being performed to highlight areas for further improvements 

• Already more efficient for beauty and charm decays than in Run II 
• Gained a factor of two in throughput performance in the last year 

• Excellent progress from the work of many people in specific areas

Summary

 21


