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Group


•  Program leader: Marcel Merk


People 
Staff 8 
Postdocs 7 
PhD 11 

Output 
Papers 486 
Theses 29 
MSc 19 

Funding 
LHCb I 4.95M€ 
LHCb II  Upgrade 3.2 M€ 
LHCb III UpgradeII 

Partners 
VU Amsterdam 

RuG Groningen 
UM  Maastricht 

2019: 1382 members, 79 institutes, 18 countries
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Group: people


People 
Staff 8 
Postdocs 7 
PhD 11 

Partners 
VU Amsterdam 

RuG Groningen 
UM  Maastricht 

•  Groningen: being reinforced


•  Maastricht: new Faculty of Science and Engineering


–  Focus on Physics and Data Science (GW + LHCb)
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Group: funding


Nr of shifts per author over 10 years:


 
 
 
 

Nikhef:           6 shifts / author / year 

Funding:

•  NWO program

•  Vici (2x)

•  Projectruimte

•  Postdoc on Swiss grant




Ø Worries about long term funding

§  NWO LHC program fund is ending 


-  from now on depend on structural Nikhef funding

-  NWO “ENW groot” request was turned down


§  Stimulate grant requests 

-  Veni & Marie Curie, Vidi limited…


Funding 
LHCb I 4.95M€ 9% 
LHCb II  Upgrade 3.2 M€ 7% 
LHCb III UpgradeII 

Large impact on LHCb
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Group: output


Papers

We are approaching paper 500.

But the annual rate is going down.
Patrick Koppenburg Editorial Board report LHCb week — 20/06/2019 [11 / 29]

Output 
Papers 486 
Theses 29 
MSc 19 

LHCb internal review record:


Citations compared to our friends
Atlas CMS Alice LHCb

Authors 2952 2305 1030 852
All Last All Last All Last All Last

Papers 841 142 886 168 253 60 482 65
Paper/author 0.28 0.05 0.38 0.07 0.25 0.06 0.57 0.08

Citations: 84308 2270 83767 1894 20640 434 28051 487
Cits/paper: 100.2 16 94.5 11.3 81.6 7.2 58.2 7.5

500+ 13 0 17 0 5 0 4 0
250–499 44 0 39 0 12 0 15 0
100–249 165 1 160 0 47 0 46 0

50–99 226 6 220 6 45 0 99 0
10–49 313 65 330 62 92 18 230 16

1–9 67 57 98 79 36 26 77 39
0 13 13 22 21 16 16 11 10

Cits/author 28.6 0.77 36.3 0.82 20.0 0.42 32.9 0.57
hHEP index 139 26 138 22 79 12 86 13

Patrick Koppenburg Editorial Board report LHCb week — 20/06/2019 [14 / 29]

6




Group: output
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Output 
Papers 486 
Theses 29 
MSc 19 Master thesis prize Univ. Utrecht 2018


PhD thesis prize LHCb 2018


Marinda 

Jakko 
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Timeline


Phase 2 Phase 3 

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 203+ 

Run III Run IV Run V 
LS2 LS3 LS4 ? 
LHCb II 
UPGRADE I 

L = 2 x 1033 LHCb II 
Consolidate: Upgr Ib 
 

L = 2 x 1033 
50 fb-1 

LHCb  III 
UPGRADE II 

L=1-2x 1034 

300 fb-1 

You are here
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Timeline


Phase 2 Phase 3 

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 203+ 

Run III Run IV Run V 
LS2 LS3 LS4 ? 
LHCb II  
UPGRADE I 

L = 2 x 1033 LHCb II 
Consolidate: Upgr Ib 
 

L = 2 x 1033 
50 fb-1 

LHCb  III 
UPGRADE II 

L=1-2x 1034 

300 fb-1 

LHC 
Injectors 

L = 2 x 1034 

300 fb-1 

UPGRADE HL-LHC 
L = 5 x 1034 

L = 5 x 1034 

3000 fb-1 

Belle 
II 

5 ab-1 L = 8 x 1035 50 ab-1 

Current Status : 

Racha Cheaib, University of Mississippi 8 

2016 2017 2018 2019 

Phase 1 Phase 2 Phase 3 

Axion-Like 
particles 

April 2018: Beam collisions with QCS. 
VXD not yet installed 

Expected luminosity: 20 fb-1 

B2TIP, to be submitted to PTEP (2018). 

Early Physics topics: Dark photon searches                                 
Requires low energy single photon trigger 

Tracking only needed to veto backgrounds. 
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Technology


SciFi


VELO




Technology  

Scintillating Fibers

•  New technology


•  Si strip resolution for lower 
price


VELO pixels

•  Synergy with Medipix


•  Fast track reconstruction


RTA (reconstruction)

•  40 MHz, 400 tracks


•  2-10 GB/s to storage
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1) Module production


2) Electronics “VeloPix” chip
 3) Vacuum envelope “RF-Box”


VELO


12 

7

• Module Outgassing Test
• Monitored during pump down

• Thermal Cycles
• Automatic procedure in WinCCOA
• Thermal cycle between 15 °C and 

-30 °C
• 10 times with a constant 

temperature for 30 minutes

VELO Module Production Site Specific Review Nikhef: Module testing

MECHANICAL TESTS



pick&place

machine


glue robot
 vacuum tank for

production tests


vacuum tank

for R&D


winCC controls


minidaq2


bare module jig
door to area with

wire-bonding 

machine


CO2 cooler


Dr Hynds


VELO
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7

• Module Outgassing Test
• Monitored during pump down

• Thermal Cycles
• Automatic procedure in WinCCOA
• Thermal cycle between 15 °C and 

-30 °C
• 10 times with a constant 

temperature for 30 minutes

VELO Module Production Site Specific Review Nikhef: Module testing

MECHANICAL TESTS

VELO


Modules testing


•  Outgassing, thermal cycles


•  Electrical test 

–  warm, cool, biassed


•  Metrology
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VELO
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VELO


•  Modules: production not yet 
started


–  PRR 12 June 2019


–  Good hopes that complications 
are solved


•  Need to validate system 
performance with new GBT 
settings
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RF-box: “beampipe” between LHC beam and VELO
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8 July 2019   -    N. Tuning 

RF-box: “beampipe” between LHC beam and VELO


•  250μm thin foil

–  Leak tightness OK


–  Debate whether to etch
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Measured foil thickness 
‘projected’ onto RF box to 
make etching map
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SciFi Tracker
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SciFi Tracker


Steady progress of entire project





Modules: 
production at Nikhef finished 

Coldbox: 
production suffers delays.

Frames: 
1st frame being assembled (need 6 by February) 

Electronics: 
production and tests in time for frame assembly
 21




SciFi Tracker


1 Detector:

= 11.000 km fibres

= 128 modules

= 600k SiPM channels 


11 / 15

Cold-box
First new (revised) cold-box being tested

Successful cooling test with realistic heat load

Almost all EDR recommendations have been
addressed (rad. test, light-tightness, ...); Hope to
validate the open points in the next weeks
(humidity management)

“Pre-series” production of 20 cold-boxes
(8 % of total) is ongoing

PRR foreseen for end of April

Pacific chip


Clusterization


Master


SiPM


Module endpiece


Flex cables and SiPM


Electronics


5 
m
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Nikhef technicians prepare frames


Nikhef engineers 

designed

and mount cabling


SciFi Tracker


Nikhef engineers designed digital electronics
 23




SciFi Tracker
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Nikhef technicians mount 

ColdBox
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RTA (real time analysis)


•  New project, with large Nikhef involvement


•  Many open questions (choices)


•  Challenging and inviting computing aspects


(aka: reconstruction, trigger, alignment)
BANDWIDTH STRATEGIES
LHCB-TDR-018

SELECTIVE PERSISTENCE
SELECTIVE PERSISTENCE

Less events with more info?

More events with less info?


�żżƚȀƚɟŏɾȩɟ Úɟȩǲƚżɾɯ

ߞ
Implement HLT1 with O(500) GPUs, need to complete integration work and evaluate cost-effectiveness

GPU proposal — Allen

!41

Throughputs of HLT1 on different GPUs

Signal efficiencies at 1 MHz HLT1 output rate
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LHCb-ANA-20XX-YYY
June 11, 2019

Proposal for an HLT1
implementation on GPUs for the

LHCb experiment

R. Aaij1, J. Albrecht2, M. Belousa,3, T. Boettcher4, A. Brea Rodŕıguez5, D. vom Bruch6,
D. H. Cámpora Pérezb,7, A. Casais Vidal5, P. Fernandez Declarac,7, L. Funke2,
V. V. Gligorov6, B. Jashal9, N. Kazeeva,3, D. Mart́ınez Santos5, F. Pisanid,e,7,

D. Pliushchenkof,3, S. Popova,3, M. Rangel10, F. Reiss6, C. Sánchez Mayordomo9,
R. Schwemmer7, M. Sokolo↵11, A. Ustyuzhanina,3, X. Vilaśıs-Cardona8, M. Williams4

1Nikhef National Institute for Subatomic Physics, Amsterdam, Netherlands
2Fakultät Physik, Technische Universität Dortmund, Dortmund, Germany

3Yandex School of Data Analysis, Moscow, Russia
4Massachusetts Institute of Technology, Cambridge, MA, United States

5Instituto Galego de F́ısica de Altas Enerx́ıas (IGFAE), Universidade de Santiago de Compostela,
Santiago de Compostela, Spain

6LPNHE, Sorbonne Université, Paris Diderot Sorbonne Paris Cité, CNRS/IN2P3, Paris, France
7European Organization for Nuclear Research (CERN), Geneva, Switzerland

8DS4DS, la Salle, Universitat Ramon Llull, Barcelona, Spain
9Instituto de F́ısica Corpuscular, Centro Mixto Universidad de Valencia - CSIC, Valencia, Spain

10Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro, Brazil
11University of Cincinnati, Cincinnati, OH, United States

aNational Research University Higher School of Economics, Moscow, Russia
bUniversidad de Sevilla, ETSI Informática, Av. Reina Mercedes, s/n, 41012, Sevilla, Spain

cDepartment of Computer Science and Engineering, University Carlos III of Madrid, Madrid, Spain
dINFN Sezione di Bologna, Bologna, Italy

eUniversità di Bologna, Bologna, Italy
fNational Research University Higher School of Economics, Saint Petersburg, Russia

Abstract

We present Allen, a GPU based solution for the first stage of the upgraded LHCb
detector’s High Level Trigger. We document the implementation and performance
of this solution, and describe the remaining work needed if this solution is adopted
for production by the LHCb collaboration.

The Allen project is named after Frances E. Allen.
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RTA (real time analysis)


•  New project, with large Nikhef involvement


•  Many open questions (choices)


•  Challenging and inviting computing aspects


8 July 2019   -    N. Tuning


(aka: reconstruction, trigger, alignment)


Caveats : muon reconstruction not in “full Run 2 physics”, but from first principles cannot significantly impact 
throughput if done well. See next slides for comments about the Kalman fit.

Status of HLT1 reconstruction

!9

• Scalar event model, “maximal” SciFi reconstruction 
• Scalar event model, “fast” SciFi reconstruction with 

tighter track tolerance criteria 
• Scalar event model, vectorizable SciFi reconstruction 

with entirely reworked algorithm logic 
• Fully SIMD-POD friendly event model, vectorizable 

SciFi and vectorized vertex detector & PV 
reconstruction, I/O improvements
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Huge progress, almost there!






Dec 2018


Jun 2019
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1Nikhef National Institute for Subatomic Physics, Amsterdam, Netherlands
2Fakultät Physik, Technische Universität Dortmund, Dortmund, Germany

3Yandex School of Data Analysis, Moscow, Russia
4Massachusetts Institute of Technology, Cambridge, MA, United States

5Instituto Galego de F́ısica de Altas Enerx́ıas (IGFAE), Universidade de Santiago de Compostela,
Santiago de Compostela, Spain
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Physics


Ø  At Nikhef


§  CP violation


1)  φs


2)  γ


§  Rare decays


3)  Very rare decays


4)  Lepton flavour non-universality


§  Long-living particles





Ø  Other recent LHCb highlights:


§  New ‘normal’ hadrons


§  New ‘exotic’ hadrons: Tetraquark and pentaquark


§  Discovery CP violation charm





b 
s 

s 
b 

b s 

µ 

µ 
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Physics at Nikhef: CP violation


•  φs with Bs
0!J/ψφ


–  and lifetime diff. ΔΓs


•  γ with Bs
0!DsK


–  and mass difference Δms
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Figure 21: Two-dimensional fits to Run 1 and Run 2 D�
s ⇡

+ data. The fits are simultaneously
done to both the D�

s ⇡
+ mass and the K�K+⇡� mass.
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Figure 21: Two-dimensional fits to Run 1 and Run 2 D�
s ⇡

+ data. The fits are simultaneously
done to both the D�

s ⇡
+ mass and the K�K+⇡� mass.
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Physics at Nikhef: CP violation


•  φs with Bs
0!J/ψφ


–  and lifetime diff. ΔΓs


8 July 2019   -    N. Tuning 

•  γ with Bs
0!DsK


–  and mass difference Δms


Δms 

B0
s! B0

s! B0
s 

ΔΓs 

B0
s,H vs. B0

s,L 
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Physics at Nikhef: CP violation


•  φs with Bs
0!J/ψφ


–  and lifetime diff. ΔΓs


•  γ with Bs
0!DsK


–  and mass difference Δms


LHCb 4.9 fb-1
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Hot topic: Lepton flavour non-universality


B

D∗

W+b

c

ν

µ+/τ+

SM, 4σ 

B− K−

W

t t

γ/Z0

b

u

µ/e

µ/e

s

u
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Physics at Nikhef: Rare decays


8 July 2019   -    N. Tuning 

•  Very rare: Bs
0!μμ


–  LHCb flagship


–  LFV? Bs
0!eμ


•  Electrons: what is going on?

–  Angular: B0!K*ee


–  Validate: J/ψ!ee / J/ψ!μμ


B0!K*µµ 

B0!K*ee 
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Physics at Nikhef: Long-living particles


•  Search for BSM LLP

–  LHCb unique coverage


–  LLP models accommodate DM 
candidates 


•  Majorana ν in W decays

–  from ν-N mixing in B decays


–  competitive with LEP in run-3


upper limit as a function of heavy neutrino mass can be observed in Figure 35 for the790

same-sign muons samples. Since the expected number of background events is less than791

one, the trend follows closely the variation of the e�ciency ratio with mass. For the792

opposite-sign muons samples the expected limit, shown in Figure ??, is worse due to793

the irreducible background from Drell-Yan processes. The number of background events794

expected is of the order of 500 events and peaks at low heavy neutrino masses, leading to795

an exclusion limit which is about one order of magnitude worse for the 5, 10 and 15 GeV796

heavy neutrino masses.797
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Figure 35: Expected limits on B(N ! µjet) |VµN |2 at 95% confidence level for the same-sign
muons sample.
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Figure 36: Expected limits on B(N ! µjet) |VµN |2 at 95% confidence level for the opposite-sign
muons sample.
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Physics


Ø  At Nikhef


§  CP violation


1)  φs


2)  γ


§  Rare decays


3)  Very rare decays


4)  Lepton flavour non-universality


§  Long-living particles





Ø  Other recent LHCb highlights:


§  New ‘normal’ hadrons


§  New ‘exotic’ hadrons: Tetraquark and pentaquark


§  Discovery CP violation charm





b

s


s

b


b
 s


μ


μ
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New ‘normal’ hadrons


(ccu): Ξcc
++         (buu): Σb(6097)+     (bdd): Σb(6097)- 

b 
u  
u b 

d  
d u 

c  
c 

++ + - 
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New ‘exotic’ hadrons


(ccduu): Pc(4312)+           (cu cu): X(3842) 

u 

c  
c 

+ 
u 

d 

u 

c  

u 

c 
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Discovery of CP violation in charm





D0àK+K- same rate as D0àK+K- ?





at least it is different compared to  D0àπ+π- :


8 July 2019   -    N. Tuning


as of the tagging pions or muons; the �2 of the D⇤+ and B vertex fits; the track quality
of the tagging pion and the charged-particle multiplicity in the event. Furthermore, the
total sample is split into subsamples taken with opposite magnetic-field polarities and
in di↵erent run periods. No evidence for unexpected dependences of �ACP is found
in any of these tests. A check using more stringent PID requirements is performed,
and all variations of �ACP are found to be compatible within statistical uncertainties.
An additional check concerns the measurement of �Abkg, that is the di↵erence of the
background raw asymmetries in K�K+ and ⇡�⇡+ final states. As the prompt background
is mainly composed of genuine D0 candidates paired with unrelated pions originating from
the PV, �Abkg is expected to be compatible with zero. A value of �Abkg = (�2±4)⇥10�4

is obtained.
The di↵erence of time-integrated CP asymmetries of D0

! K�K+ and D0
!⇡�⇡+

decays is measured using 13TeV pp collision data collected with the LHCb detector and
corresponding to an integrated luminosity of 6 fb�1. The results are

�A⇡-tagged
CP = [�18.2± 3.2 (stat.)± 0.9 (syst.)]⇥ 10�4,

�Aµ-tagged
CP = [�9± 8 (stat.)± 5 (syst.)]⇥ 10�4.

Both measurements are in good agreement with world averages [50] and previous LHCb
results [31, 32].

By combining previous LHCb measurements [31, 32] with these results, the following
value of �ACP is obtained

�ACP = (�15.4± 2.9)⇥ 10�4,

where the uncertainty includes statistical and systematic contributions. The significance of
the deviation from zero corresponds to 5.3 standard deviations. This is the first observation
of CP violation in the decay of charm hadrons.

The interpretation of �ACP in terms of direct and indirect CP violation requires
knowledge of the reconstructed mean decay times for D0

! K�K+ and D0
! ⇡�⇡+

decays, as shown in Eq. (3). The relevant values corresponding to the present mea-
surements are �hti⇡-tagged /⌧(D0) = 0.135± 0.002, �htiµ-tagged /⌧(D0) = �0.003± 0.001,
hti⇡-tagged/⌧(D0) = 1.74 ± 0.10 and htiµ-tagged/⌧(D0) = 1.21 ± 0.01, whereas those cor-
responding to the combination with previous LHCb measurements are � hti /⌧(D0) =
0.115 ± 0.002 and hti/⌧(D0) = 1.71 ± 0.10. The uncertainties include statistical and
systematic contributions, and the world average of the D0 lifetime is used [51].

By using in addition the LHCb averages yCP = (5.7 ± 1.5) ⇥ 10�3 [52, 53]
and A� = (�2.8± 2.8)⇥ 10�4

' �aindCP [54, 55], from Eq. (3) it is possible to derive
�adirCP = (�15.6± 2.9)⇥ 10�4, which shows that, as expected, �ACP is primarily sen-
sitive to direct CP violation. The overall improvement in precision brought by the present
analysis to the knowledge of �adirCP is apparent when comparing with the value obtained
from previous measurements, �adirCP = (�13.4± 7.0)⇥ 10�4 [50].

In summary, this Letter reports the first observation of a nonzero CP asymmetry
in charm decays, using large samples of D0

! K�K+ and D0
! ⇡�⇡+ decays collected

with the LHCb detector. The result is consistent with, although at the upper end of,
SM expectations, which lie in the range 10�4–10�3 [8–13]. Beyond the SM, the rate of
CP violation could be enhanced. Unfortunately, present theoretical understanding does
not allow very precise predictions to be made, due to the presence of strong-interaction

7
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Outlook
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Figure 7.6: Constraints on the di↵erence in the C9 and C10 Wilson coe�cients from electron and
muon modes with (left) Run 3 and (right) Upgrade II data sets. The 3� regions are shown for
the SM (blue), for a vector-axial-vector new physics contribution (red) and for a purely vector
new physics contribution (green).

In the existing LHCb detector, electron modes have an approximately factor five lower2796

e�ciency than the corresponding muon modes, owing to the tendency for the electrons to lose2797

a significant fraction of their energy through bremsstrahlung radiation in the detector. This2798

loss impacts on the ability to reconstruct, trigger and select the electron modes. The precision2799

with which observables can be extracted therefore depends primarily on the electron modes2800

and not the muon modes. In order for RX measurements to benefit from the large Upgrade II2801

data samples, it will be necessary to reduce systematic uncertainties to the percent level. These2802

uncertainties can be controlled by taking a double ratio between RX and the decays B! J/ X,2803

where the J/ decays to µ+µ� and e+e�. This approach is expected to work well, even with2804

very large data sets.2805

Other sources of systematic uncertainty can be mitigated through design choices for the2806

upgraded detector. The recovery of bremsstrahlung photons is inhibited by the ability to2807

find the relevant photons in the ECAL (over significant backgrounds) and by the energy2808

resolution. A reduced amount of material before the magnet would reduce the amount of2809

bremsstrahlung and hence would increase the electron reconstruction e�ciency and improve the2810

electron momentum resolution. Higher transverse granularity would aid signal selection and2811

help reduce the backgrounds. With a large number of primary pp collisions, the combinatorial2812

background will increase and will need to be controlled with the use of timing information.2813

However, the Run 1 data set indicates that it may be possible to tolerate a factor increase in2814

combinatorial backgrounds without destroying the signal selection ability.2815

7.3.6 Time-dependent analysis of B0
s ! �µ+µ� and B0 ! ⇢0µ+µ�

2816

Time dependent analyses of rare decays into CP -eigenstates can deliver orthogonal experimental2817

information to time-integrated observables. So far, no time-dependent measurement of the2818

B0
s ! �µ+µ� decay has been performed due to the limited signal yield of 432 ± 24 candidates2819

in the Run 1 data sample [294]. However, the larger data samples available in Upgrade II will2820

enable time-dependent studies. The framework describing B and B ! V l+l� transitions to a2821

72
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LHCb, “Physics Case for Upgrade II”
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FIG. 1. The past (2003, top left) and present (top right) status of the unitarity triangle in the presence of NP in neutral-meson
mixing. The lower plots show future sensitivities for Stage I and Stage II described in the text, assuming data consistent with
the SM. The combination of all constraints in Table I yields the red-hatched regions, yellow regions, and dashed red contours
at 68.3%CL, 95.5%CL, and 99.7%CL, respectively.

tal and theoretical sides. Our Stage I projection refers
to a time around or soon after the end of LHCb Phase I,
corresponding to an anticipated 7 fb−1 LHCb data and
5 ab−1 Belle II data, towards the end of this decade. The
Stage II projection assumes 50 fb−1 LHCb and 50 ab−1

Belle II data, and probably corresponds to the middle
of the 2020s, at the earliest. Estimates of future experi-
mental uncertainties are taken from Refs. [17, 18, 21, 22].
(Note that we display the units as given in the LHCb and
Belle II projections, even if it makes some comparisons
less straightforward; e.g., the uncertainties of both β and
βs will be ∼ 0.2◦ by Stage II.) For the entries in Ta-
ble I where two uncertainties are given, the first one is
statistical (treated as Gaussian) and the second one is

systematic (treated through the Rfit model [8]). Consid-
ering the difficulty to ascertain the breakdown between
statistical and systematic uncertainties in lattice QCD
inputs for the future projections, for simplicity, we treat
all such future uncertainties as Gaussian.

The fits include the constraints from the measurements
of Ad,s

SL [10, 11], but not their linear combination [23],
nor from ∆Γs, whose effects on the future constraints
on NP studied in this paper are small. While ∆Γs is in
agreement with the CKM fit [10], there are tensions for
ASL [23]. The large values of hs allowed until recently,
corresponding to (M s

12)NP ∼ −2(M s
12)SM, are excluded

by the LHCb measurement of the sign of∆Γs [24]. We do
not consider K mixing for the fits shown in this Section,

[Charles et al., 1309.2293]

CKM fit in 10 years
[Charles et al., 1309.2293]

Stage II: 

- 50 fb-1 of LHCb data

- 50 ab-1 of Belle II data

- δfBq = O(1%),          
δVub= O(2%)

Lattice QCD improvements crucial to obtain such tight constraints  
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by the LHCb measurement of the sign of∆Γs [24]. We do
not consider K mixing for the fits shown in this Section,

LHCb I
 LHCb II
 LHCb III


Ø  Even after LHCb II 
(2029) all results 
statistically limited
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New vectorized PV reconstruction: x2 faster


"(
25:

05
:3

Example	

100− 80− 60− 40− 20− 0 20 400

2

4

6

8

10

event 13
Integral     169

event 13

red:	cluster	boundaries	
blue:	peak	position	

proto-cluster	•  result	of	peak	search	
•  set	of	seeds,	ordered	in	z	
•  for	every	seed:	z_begin,	z_end,	z_peak	

17	

[N. Nolte, W. Hulsbergen]

• New PV finding algorithm in place since last months.

• Starts by clustering the z-position of the crossing point of a track with the
beamline. Uses templated shapes for the uncertainties on the positions.

• Find clusters by partitoning the histogram.

• Perform a PV fit (as before) to determine the best PV position.

• Algorithm was recently vectorized (factor 2 gain), now only takes 4% of
full sequence (still some potential for more speed).

Z ;2 VZ

Vectorized VELO reconstruction and PVs

!12

Arthur Hennequin, Sebastien Ponce 
Niklas Nolte, Wouter Hulsbergen

Backup: Velo e�ciencies

Top: old PrPixelTracking, Bottom: new VeloClusterTracking

May 28th, 2019 Recent achievements on Upgrade HLT1 14

New primary vertex reconstruction based on 
a search for track clusters in z — requires 
knowing the position of the beamline so this 
is not a replacement for the old PV finding 
algorithm, rather a  faster version for the 
HLT1 use-case where once the VELO closes 
we do know where the beamline is. 

Vectorization plus the light event model 
gained around a factor 2 in speed for both 
VELO and PV reconstructions. 

The vectorized VELO reconstruction physics 
performance is as good as the HLT1 scalar 
VELO reconstruction, but we expect further 
improvements soon!
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