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Collaboration Matters B
BN

* The collaboration continues to grow and has updated its
membership categories to allow further opportunities to those
working on software and detector development.

 Three new groups have joined
— Laboratoire Leprince-Ringuet, France has joined as a full member group
— Hunan University, China has joined as an associate member group.

— Karlsruhe Institute of Technology, Germany has joined as a Technical
Associate Group

* One group has left as a consequence of difficult local
circumstances

— Constantine, Algeria, with the active embers joining other LHCb groups

Chris Parkes, LHCb RRB




Operation: Computing

« Simulation: 90% of the computing power
— Online farm: 40% (30%) of Simulation events (CPU
* 140M events per day

Running jobs by JobType Monte Carlo production
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Operations: Run 1+ Run 2 Data Reprocessing

. Centrally run reconstruction and
2018 completed .
o Runs 2011 and 2012  completed selection
201> anc 2016 |compuatec — sorting the data into streams
2017 completed
2017 pNe  completed — dedicated offline selection for
Ions Runs 2018 PbPb completed h I .
2018 PbNe completed eacn ana ySIS

teams for ~ 2 years

Full legacy data set has been produced
Huge amount of work, engaged our computing & operations

Chris Parkes, LHCb RRB




Submitted Papers

* 536 Submitted papers
e 30 submitted papers 2020

In addition:
e 20 with the Editorial Board
e 33 in collaboration review

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Date 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Date

Year of submission Year of approval
* Physics harvest continues apace ¢ Joint LHCb/Theory workshop
— Despite strong focus up this week
Upgrade preparation — A number of new results being
— Full Run1 & 2 analyses released




Selected Physics Results LEHC [\9

« LHCb was originally designed for matter antimatter asymmetry
measurements (CP Violation) and studying rare decays

— of course it has achieved much more
« Report on recent highlights from the core programme and beyond.

CP Violation: World best y parameter

CP Violation: Discovery of new type

Rare decays: Flavour Anomalies

Discovery of exotic tetraquark particles

Chris Parkes, LHCb RRB




CP Violation: World best y parameter

* The precision measurement of the y parameter is one of the key aims of LHCDb
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Chris Parkes, LHCb RRB
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CP Violation: Discovery of new type

* New since submission of RRB paperwork

LHCb-PAPER-2020-029

Observation of Time-dependent CP Violation in BY,

2001 2004 2013 2020
Beauty particles:Time- Beauty particles: Time- Beauty-strange particles: Beauty-strange particles:
dependent CP violation integrated CP violation in Time-integrated CP Time-dependent CP

in B® meson decays B° meson decays violation in B2 meson violation in B? meson
BaBar and Belle BaBar and Belle decays decays

collaborations collaborations LHCb collaboration LHCb collaboration

1964

Strange particles: CP 1999, 2001 2012 2019

violation in K meson Strange particles: CP Beauty particles: Charm particles: CP
decays violation in decay CP violation in B* violation in D°

J. W. Cronin, V. L. Fitch KTeV and NA48 meson decays meson decays

etal. collaborations LHCb collaboration LHCb collaboration

Chris Parkes, LHCb RRB




CP Violation: Discovery of new type

* New since submission of RRB paperwork

LHCb-PAPER-2020-029
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Rare Decays: Flavour Anomalies

* Over past years a series of results have hinted at discrepancies
from the Standard Model, understanding this is a high priority

LHCb-PAPER-2020-002
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Discovery of exotic tetraquark particles — Two new types !

LHCDb had a wealth of results in exotic hadrons in recent years
— Not composed of two or three quarks as is conventional

Exotic Hadrons: X(6900) cccc Tetraquark "7
Structures in J/y-pair mass spectrum (J/y—up)
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LHCb-PAPER-2020-024

Exotic Hadrons: X01(2900) cdus Tetraquark? ... rarer2020.005

* Analysis of B—»D*D-K* (with D*—K-1r*11%)
* Fit with expectations from known particles

 Prominent D-K* structure, modelled with two
tetraquarks

First open-flavour exotic hadrons
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Upgrade |: Reminder

« All sub-detectors read out at 40 MHz for a fully software trigger

Vertex

------

Sl | Elml |

Side View gcar HCAL

M4 M3

SciFi RICH2

Magnet
' ‘ Tracker

Upgraded LHCb Detector
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«This is a new detector at the LHC»
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Pixel detector VELO with silicon microchannel cooling 5mm from LHC beam

New RICH mechanics, optics and photodetectors
New silicon strip upstream tracker UT detector

New SciFi tracker with 11,000 km of scintillating fibres

New electronics for muon and calorimeter systems

Major project
being installed

currently for
operation in Run 3




Upgrade I: Impact of Covid-19

1400 members in 18 countries

« We strongly value our spirit of
international collaboration across
borders

* Physics results, software
development continued apace

D « But activities requiring physical

¢ T contact and travel delayed

Upgrade | construction: o

* Freeze in progress of many critical path items in March-June 2020
« Strong progress in all critical path items July-September 2020
* Delays in several critical path items September-....

Expertise needed at CERN in 2021 for installation/commissioning

-




LHCDb Upgrade I: Infrastructure

« All long distance cable are installed, copper and fibre

* New cooling plants and pipes are installed,
commissioning.

« Shielding wall back in place.

* Repair of magnet supports will complete next week
« Data Centre is operational.

» Event builder cabling is ongoing. T July 2020

e heasio. - (O

Excellent progress on detector services and
infrastructure

Chris Parkes, LHCb RRB




VELO

Microchannel plates: proceeding well
VELO Modules: production ongoing
Mechanics & Assembly: advancing

SMOG cell installed

Travel & quarantine delays

module

SCIFI

Ut

Instrumented staves: production advancing
Near detector electronics production complete
4-chip hybrids very advanced

Detector box produced

Assembly: clean room being installed now
long contractor delay from travel restrictions

Chris Parkes, LHCb RRB

Readout Board completed

Cold-bar production completed
during lockdown

Three assembled C-frames
completed

C frame assembly currently
suspended by travel resﬁtrlvctlons

[ Sl




LHCDb Upgrade |: Particle Identification [RICH, CALO, Muons]

RICH

RICHZ2 photodetector arrays - ’3

finished and commissioned
Full QA of digital board

complete RI
RICH1 Gas enclosure arrived Ph
at CERN 20t October ar

Pandemic has caused delays
but lab access and key expert
travel allowed excellent
progress

Chris Parkes, LHCb RRB

CALO

~ Front-end board final production about to start

Control board production nearing completion

$== Delays at production companies but acceptable

Muons

All electronic boards completed
Installation progressing well
HCAL beam plug installaled
No major concerng




LHCb Upgrade |: Computing, Online & Trigger @

« FPGA DAQ (PCle40) cards completed
« Event builder PC servers delivered
Graphical Processing Units (GPUs) co-processors adopted for HLT1

— Cost benefits, skill development for future

Second level of trigger (CPU R .
based) making good progress | - S—

0.5-1.5
FULL PARTIAL DETECTOR < >

— Full reconstruction working, first selections oETECTOR | —appr |RECONSTRUCTION | _y P

READOUT 5 (GPU HLT1) 70-200

N p|aCe GB/ l CALIB
 Data Processing and Analysis /
- B Edrd G
(DPA) Project formed el
— Offline physics software _> m?,“uﬁﬂiu

TURBO
events HEARN  USER ANALYSIS
GB/s

Chris Parkes, LHCb RRB



LHCb Upgrade I

« Future major upgrade of the experiment, mainly for LS4 (~2030)
— with some preparatory work in LS3 (~2025)
Strong support in European Strategy for Particle Physics 2020

* Framework Technical Design Report ~
— Agreed submission in 2021 with LHCC
— Initial cost ranges, indicative interests of countries

2020 UPD, EO EEUO N STRATEGY
FOR PARTICLE P SCS

Slgnlflcant R&D Ongomg s

e.g.

« New HVCMOS Chip under test
at DESY testbeam this week

« ECAL prototypes in testbeam
in two weeks

Chris Parkes, LHCb RRB




Conclusions & Outlook

* A wealth of important scientific results have been delivered

Significant progress has been made on the U
— Disruption from covid-19 has been inevitab

pgrade |
e

— Compatible with LHC Schedule of cavern c

osure February 2022

* Planning for Upgrade Il Framework TDR in place

Major achi
And instal

evements in product;
lation for Upgrade &

thq)ugh cowd-19 causes delay

Chris Parkes, LHCb RRB




Chris Parkes, Tuesday Meeting




Schedule — top level key detector components

« Latest possible schedule compatible with February 2022 cavern closure

an o i021 Mar Apr O":‘a‘?m Jun Jul Otri;.l29021 Sep Oct Otrl‘:I‘th\4'(L21 Dec Jan O‘r;'eiozz Mar | — thiS iS not the aim
SciFi C-Side (Phase 1)
—
SciFi C-Side (Phase 2)
SciFi near I—
detector infrastructure, M . .
cabling, supports RICH1 OPTICS — thlS |S the plannlng based On
M unblocking travel from institutes
only by March 1st 2021
VELO MODULES A
[ ]
SciFi A-Side (Phase 1)
I
SciFi A-Side (Phase 2)
GLOBAL co:L} MISSIONING

* |n this schedule

— Beam-pipe insertion compatible with an LHC beam test in Sept/Oct. 2021 but with
limited contignecy

« SciFi, VELO and UT are the projects that drive the critical path




