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Group: people
« Groningen: being reinforced

« Maastricht: new Faculty of Science and Engineering

People — Focus on Physics and Data Science (GW + LHCb) partners

Staff 8 < e VU Amsterdam
Postdocs 7 ; | ®8 RuG Groningen
PhD 11 : UM Maastricht




Group: funding

Funding:

« NWO program Eunding

 Vici (2x) LHCDb I 4.95M€ 9%
* Projectruimte LHCb II upgrade 3.2 ME 7%
* Postdoc on Swiss grant LHCb III Upgradell

» 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 4
= Stimulate grant requests
- Veni & Marie Curie, Vidi limited...

Large impact on LHCb

Nr of shifts per author over 10 years:

10 20 30 40 50 60 70

Petershurg Nuclear Physics Institute (PNPI) (12)

LAPP, Universite Savoie Mont-Blanc, CNRS/IN2P3 (10)
CPPM, Aix-Marseille Universite, CNRS/IN2P3 (11)

LAL, Universite Paris-Sud, CNRS/IN2P3 (21)

Sezione INFN di Firenze (5)

STFC Rutherford Appleton Laboratory (5)

European Organization for Nuclear Research (CERN) (83)
Nikhef National Institute for Subatomic Physics (30) 6 shifts




Group: output

DuULput

Papers

Theses

MSc

486
29
19

LHCDb internal review record:

Institute Reviews
Mf, Amsterdem, Netherlands 20 /20 |
TU Dortmund, Germany 18 / 18
Manchester, United Kingdom 18 / 18
Tsinghua University, Beijing, China 15 /15
Imperial College London, United Kingdom 14 / 14
Frascati Italv 14 / 14
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Nata

2016 2017 2018 2019

LHCb publications

Atlas CMS Alice LHCb I
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




Group: output

OuUTput
Theses 29
MSc 19 Master thesis priz

hD thesis prize LHCb 2018
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Timeline

You are here

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Run III Run IV

LHCDb 11 L=2x10% LHCDb II L=2x1]10%

UPGRADE I Consolidate: Upgr Ib 50ﬂ?'1

Phase 2

2030 2031

LS4 ?
LHCb III

UPGRADE II

Phase 3
2032 203+

Run V

L=1-2x 10%*

300 fb-!
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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
LS4 ?
LHCb II =2y 0% LHCb II L =2x10% LHCb III L=1-2x 103
UPGRADE I Consolidate: Upgr Ib 50 b UPGRADE II 300 /b
:I[_:jgctors L=2x10% UPGRADE HL-LHC L=5x10%
300 fb! L=5x10% 3000 fb!
IIBIeIIe 5 ab’! L=8x10% 50 ab”
N
2019 |
Phase 1 Phase 2 I . Phase3

April 2018: Beam collisions with QCS.
VXD not yet installed
Expected luminosity: 20 fb-! 9







Technology

Scintillating Fibers
« New technology

«  Sistrip resolution for lower
price

RTA (reconstruction)
e 40 MHz, 400 tracks
e 2-10GB/s to storage

VELO pixels

e Synergy with Medipix

« Fasttrack reconstruction

8 July 2019 -
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» | & 1) Module production
=

AN 3
=

L L

3) Vacuum envelope “RF-Box”




VELO

pick&place
machine

glue robot

CO, cooler

Dr Hynds

vacuum tank
for R&D

vacuum tank for
production tests

door to area with
wire-bonding
machine

bare module jig

winCC controls

minidaq?2
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SciFi Tracker

— Module endpiece |—

1 Detector:

= 11.000 km fibres

= 128 modules

= 600k SiPM channels

Electronics

5m

Flex cables and SiPM |
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: : sk &
RTA (Ieal EI me gnalySIS) Proposal for an HLT1

. . . implementation on GPUs for the
(aka: reconstruction, trigger, alignment) LHCb experiment

Throughputs of HLT1 on different GPUs
Tesla V100-PCIE-32G5 | NS 57.04 Kkhz

. . . .
GeForce RTX 2080 Ti | NN 56.97 kHz
d eWw project, wi arge NIKner involvemen mE———
GeForce GTX 1080 Ti | NN 20.59 kHz
GeForce GTX TITAN X | ESEEEN 13.06 kHz
GeForce GTX 1060 6GB |NENEN 9.25 KHz
= = GeForce GTX 980 | — 9.02 kHz
. any open questions (choices Sc
GeForce GTX 680 n 3.17 kHz
GeForce GTX 670 n 2.92 kHz

|||||||||||||||
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« Challenging and inviting computing aspects
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Fraction of physics programme going to turbo -




RTA (real time analysis)

72) LHCb-ANA-20XX-YYY
May 31, 2019

Proposal for an HLT1

(aka: reconstruction, trigger, alignment)

« New project, with large Nikhef involvement

« Many open questions (choices)

« Challenging and inviting computing aspects

35000 A

Full farm throughput [kHz]
(assuming 1000 reference nodes)

10000

5000 A

30000 A

25000 A

20000 A

15000 A

LHCb experiment

Throughputs of HLT1 on different GPUs

implementation on GPUs for the

Huge progress, almost there!

* Fully SIMD-POD friendly event model, vectorizable
SciFi and vectorized vertex detector & PV
reconstruction, /O improvements

_— _-- .5 ]|
Dec 2018

///////////////

/////

Tesla V100-PCIE-32GE | 57.04 KHz
GeForce RTX 2080 Ti | EEEEEEEEEEEEEEEEEE 56.97 kHz
Tesla T4 IR 27.86 kHz
GeForce GTX 1080 Ti | NN 20.59 kHz
GeForce GTX TITAN X | ESEEEN 13.06 kHz
GeForce GTX 1060 6GB |NENEN 9.25 KHz
GeForce GTX 980 | — 9.02 kHz
GeForce GTX 780 Ti ] 5.88 kHz
GeForce GTX 680 '] 3.17 kHz
GeForce GTX 670 n 2.92 kHz
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Physics

» At Nikhef

= CPviolation

1) ¢,
2) v

= Rare decays
3) Veryrare decays b

‘u‘\““(
{

|
\

4)  Lepton flavour non-universality u
= Long-living particles E u

» Other recent LHCb highlights:

n New ‘normal’ hadrons

. New ‘exotic’ hadrons: Tetraquark and pentaquark

. Discovery CP violation charm
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Physics at Nikhef: CP violation

.+ ¢ with BO>U/¢ & . ¥ with B2>D.K
— and lifetime diff. A/ — and mass difference Am
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Weighted cands. / (0.3 ps)

Physics at Nikhef: CP violation

« O withBI2J/Y ¢ « 7 with B22>D.K

— and lifetime diff. A/, — and mass difference 4Am,

l T T T T I T T T T l

10* . }
LHCb : 1400 N LHCb
10° —~ 1200 p <+ Mixed
E 1000 <+ Unmixed

‘N,
~,
~,
~,
~,
~,
~,
~,
~,

Weighted cands. / (0.1 ps)
3

10° £ E
o T - 600
N . 400
= BY ,vs.BY 0 e 200
ol T L ] . -
5 10 15 0 I 2 3

Decay time [ps] t [ps]



Physics at Nikhef: CP violation
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Hot topic: Lepton flavour non-universality
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Physics at Nikhef: Rare decays

« Veryrare: BS2>uu o
— LHCb flagship
— LFV?B9eyu

Electrons: what is going on?
— Angular: B°2>K*ee
— Validate: J/ ¥ 2ee/J/¢Y2uu
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Physics at Nikhef: Long-living particles

« Searchfor BSM LLP « Majorana v in W decays
— LHCb unique coverage — from v -N mixing in B decays
— LLP models accommodate DM — competitive with LEP in run-3
candidates
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Physics

» At Nikhef

» Other recent LHCb highlights:

. New ‘normal’ hadrons
. New ‘exotic’ hadrons: Tetraquark and pentaquark

. Discovery CP violation charm

8July 2019 - N.Tuning 34



New ‘normal’ hadrons
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New ‘exotic’ hadrons

(ccduu): P(4312)*

(cu cu): X(3842)
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Discovery of CP violation in charm

DO>K+K- same rate as DOD>KK- ?

at least it is different compared to D%>n*n-:

AAcp = (—15.4+2.9) x 107*

1964 2001
1956 Strange particles: Beauty particles:
Parity violation CP violation in K CP violation in B®
T.D. Lee, meson decays meson decays
C. N.Yang and J. W. Cronin, BaBar and Belle
C.S.Wu et al. V. L. Fitch et al. collaborations

1963 1973 2019

Charm particles:
CP violation in D°
meson decays
LHCDb collaboration

Cabibbo Mixing The CKM matrix
N. Cabibbo M. Kobayashi and
T. Maskawa
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Backup
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New vectorized PV reconstruction: x2 faster

Arthur Hennequin, Sebastien Ponce

Vectorized VELO reconstruction and PVs

Niklas Nolte, Wouter Hulsbergen

New primary vertex reconstruction based on 198954 tracks including 1677 ghosts [ 0.8 %], Event average 0.8 & %w¥¥
. . velo : 178235 from 215892 [ 82.6 %] 2345 clones [ 1.3 %], purity: 599.83 %, hitEff: 92.00 %
a Search for track C|usters N zZz— requn‘es long : 56951 from 59640 [ 95.5 %] 632 clones [ 1.1 %], purity: 99.84 %, hitEff: 93.41 %
. . e . . long>5GeV : 36619 from 37319 [ 98.1 %] 277 clones [ 0.8 %], purity: 99.84 %, hitEff: 95.36 %
knowmg the pOSItIOh Of the beamllne SO thIS long_strange : 2402 from 3091 [ 77.7 %] 32 clones [ 1.3 %], purity: 99.62 %, hitEff: 85.59 %
. . . long_strange>5GeV : 1321 from 1551 [ 85.2 %] 19 clones [ 1.4 %], purity: 95.45 %, hitEff: 89.36 %
is not a replacement for the old PV finding long_fromd : 53 £rom S6 [ 94.6 3] 0 clones [ 0.0 3], purity:100.00 3, hitEee: 88.93 §
algorithm rather a faSteI’ VerSion for the long_fromB>5GeV : 36 from 37 [ 97.3 %] 0 clones [ 0.0 %], purity:100.00 %, hitEff: 52.34 %
I
HLT1 use-case where once the VELO closes
we do know where the beamline is.
216063 tracks including 2266 ghosts [ 1.0 %], Event average 0.8 & wwww
velo : 153347 from 215852 [ 85.6 %] 1068 clones [ 0.5 %], purity: 99.46 %, hitEff: 97.09 %
. . . long : 57909 from 59640 [ 97.1 %] 484 clones [ 0.8 %], purity: 99.65 %, hitEff: 97.10 %
Vectorization plUS the |Ight event model long>5GeV : 36798 from 37319 [ 98.6 %] 208 clones [ 0.6 %], purity: 99.59 %, hitEff: 97.76 %
. . long_strange : 2668 from 3091 [ 86.3 %] 97 clones [ 3.5 %], purity: 99.26 %, hitEff: 87.42 %
galned around a faCtor 2 In Speed for bOth long_strange>5GeV : 1406 from 1551 [ S90.7 %] 23 clones [ 1.6 %], purity: 55.08 %, hitEff: 91.85 %
. long_fromB : 56 from 56 [100.0 %] 0 clones [ 0.0 %], purity:100.00 %, hitEff: S57.72 %
VELO and PV reconStrUCtlons' long_fromB>5GeV : 37 from 37 [100.0 %] 0 clones [ 0.0 %], purity:100.00 %, hitEff: 58.91 %
The vectorized VELO reconstruction physics - [ integral 169
performance is as good as the HLT1 scalar o
VELO reconstruction, but we expect further oC_  red: cluster boundaries
improvements soon! = blue: peak position
6 —
e
Py
O B 1 1 I 1 1 1 1 I 1 \d—) 1 I 1 1 1 I 1 |I I 1 IJ\II
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