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The upgraded LHCb detector

« General-purpose single arm forward spectrometer

» Optimized for heavy-flavour physics

* 0.5 — 1 % momentum resolution

» 15+ 29/pr [GeV] mu impact parameter resolution

« (1 +10/VE [GeV])% ECAL resolution

» Excellent particle identification over the 2 — 100 GeV pr range
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The LHCDb trigger challenge

 Instantaneous luminosity:
4 x 10% (Run 2) — 2 x 1038 cm—2s~!

« LO rate limit of 1 MHz saturates fully hadronic modes
» Solution: read full event at bunch-crossing rate and apply track reconstruction selections

proton - (anti)proton cross sections
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LHCDb data flow in the upgrade i ricure 2000161

« A partial reconstruction and selection is needed before running a full reconstruction
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Allen prOjeCt: HLT1 on GPU [Comput Softw Big Sci 4, 7 (2020)]
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https://doi.org/10.1007/s41781-020-00039-7
https://gitlab.cern.ch/lhcb/Allen
https://gitlab.cern.ch/lhcb/Allen

Integration with the Online SyStem [LHCb Upgrade GPU TDR]

» GPUs map well onto LHCb’s data acquisition architecture

» (O(500) FPGA readout boards receive data
from detector and built the events

« The three PCls slots can be filled with GPU
cards and reduce the data rate to 1 Th/s
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https://cds.cern.ch/record/2717938/files/LHCB-TDR-021.pdf

HLT1 recon UCtion Sequence [LHCb Upgrade GPU TDR]

« Subdetector reconstruction:
» VELO: clustering, tracking,
vertex reconstruction
+ UT, SciFi: tracking
» Global event reconstruction:

« Track fit (Kalman filter)
» Reconstruction of secondary
vertices

« Perform trigger selections

pstream track

Long track
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https://cds.cern.ch/record/2717938/files/LHCB-TDR-021.pdf

ughput performance wosrieure 2020016

* The minimum rate per GPU necessary for processing the 30 MHz input rate with 500 GPUs is

60 kHz
» Throughput scaling very well with theoretical TFLOPS of GPU card
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/f/p/LHCb-FIGURE-2020-014.html

HLT1 tracking performance wosricure 2000161

» The overall VELO reconstruction efficiency is around 99%
» The implemented reconstruction is significantly more performant than Run 1-2 HLT1

reconstruction
» The Forward reconstruction close to 95% efficiency at high p for tracks with pr > 500 MeV

& 1f - & 1f ' . B
§ E LHCb simulation E § E '_/"" L':C'b:,'n;:‘?n‘.*g
= 081 Veotracks | = 08 o VeloUT tracks
m ] m f ]
061 =] Aten. nottetron 3 o6 | T ] Atien. notectron 1
04:— pdisribution, not dlection 04:— paisition ot detron
LongfromB, 2<n<s [e Longfrome,2<n <5
02f E 02f 5
0 :\ L L | 0 :\ L L ]

0 20000 40000 60000 0 20000 40000 60000
p[MeV] p[MeV]
> 1P T T n = l2p : =
s r R b s = : LHCb simulation J
5 L g LHCb simulation =3 g |
E 08 & Forwardtracks ]| © *MW ]
wor N\ 1 08F E
06F | = E Allen, not electron B r 1
0.4:7 \ p distribution, not dectron 08 ? e Allen E
[le LongfromB,2<n<5 ] 0.4~ p distribution Allen
02F N E 02 B
0 (S L L d 0 E L L i s J

20000 40000 60000 0 10 20 30 40 0
p [MeV] p[GeVic]

M. Fontana (LPNHE) HLT1 @LHCb


https://lhcbproject.web.cern.ch/lhcbproject/Publications/f/p/LHCb-FIGURE-2020-014.html

HLT1 muonID performance wosriaure 20200161
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https://lhcbproject.web.cern.ch/lhcbproject/Publications/f/p/LHCb-FIGURE-2020-014.html

HLT1 selection pe rformance [LHCb Upgrade GPU High Level Trigger TDR]

« Some of the selections still have to be tuned to reach a total output rate of about 1 MHz
« The main inclusive selections (TrackMVA and TwoTrackMVA) have reasonable output rates

BsPhiPhiMD, Hit1TwoTrackMVADecision Ds2KKPiMD, Hit1TwoTrackMVADecision
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https://cds.cern.ch/record/2717938?ln=en

Conclusion

Conclusion

* LHCb upgrade ongoing, Run 3 to start in 2022

+ Aim to increase instantaneous luminosity to 2 x 10%3cm—2s~1

* Major redesign of readout and trigger in LHCb upgrade

* Remove hardware LO stage, read out full detector at 30 MHz non-empty bunch crossing rate
» LHCb is ready to face the challenge, also thanks to the HLT1 fully implemented on GPUs

« A lot of work ongoing to implement further algorithms and possibly extend the reconstruction to
neutral and long-lived particles

« Stay tuned for the commissioning!!

Thanks for your attention!
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Backup
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