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Why LHCb ?
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12 orders of magnitude differences not explained

SM must be incomplete. New Physics (NP) is needed.
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Flavour physics

AT he flawurwas first used in particle physics in the context of the quark model of hadrons.

It was coined in 1971 by Murray Gell-Mann and his student at the time Harald Fritzsch, at a

Baskin-Robins ice-cream store in Pasadena. Just as ice-cream has both colour and flavours o do quar k
Reviews of Modern Physics 81 (2009) 1887

The study of the flavours of quarks and leptons have led to many
important advances in particle physics so far.
LHCD is expecting to make further advances in this field.
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NP at acceleratdnased experiments

Tree diagramgsfor example

5 NP
Collision energy <

Generally need,. >

observables,

we will likely
need precision

This would involve flavour physics

NP atLHCh search for:
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2 This requires an upgrade of LHCb



I H C I The Large Hadron Collider beauty experiment

ler, beams of protons are

f light and smash

The LHCb experiment
Welcome to a strange world where
guantum. laws -reign. Here, particles
pop fleetingly in and out of existence,
opening the door to new discoveries and
giving a tantalizing glimpse on the very
beginnings of the Universe.

C) www.cern.ch

A LHCHs located in a cavern 100 m underground and it stretches for 20 m.
A EXxpecting to collect signals of interesting events
from the 40 million protorproton collisions that happen every second.




LHCDb detector: Key aspects
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A The beauty quarks from proteproton collisions tend to stay close to the line of the beam,
pipe. This is reflected in the designldiChb

A (~50000/second bo into LHCHduring a previous a RUN of the experiment).

A Excellent vertex resolutions

A Excellent hadron particle identification capability
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LHCDb collaboration

As of February 2020, LHCDb has 1377 members from 83 institutes
In 19 countries

LHCb-UK institutes:

Birmingham, Bristol, Cambridge, Warwick, STFC-RAL, Edinburgh,
Glasgow, Liverpool, Imperial College, Manchester and Oxford.

STFC-RAL- PPD: Fergus Wilson,
Antonis Papanestis, Raja Nandakumar , Sajan Easo, Stefania Ricciardi

STFC-RAL-TD:

Cambridge : Valerie Gibson,
Fionn Bishop, Michele Blago, Harry CIiff, Blaise Delaney, Chris Jones, Floris Keizer, George Lovell,
John Smeaton, Yuan Wang, Ifan Williams, Stephen Wotton

Stephen and Sajan: More than 21 years in LHCDb.



LHCb Timeline
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A The detectors in LHCb are being upgraded, before collecting data from 2021 onwards.

A From 2021: Trigger fully controlled by software. This enables to increase the amount of useful events collected.
A The R&D for a further upgrade in 2026, is starting now.

A For upgrade Il a major redesign of LHCD, is being envisaged.

A Detectors that can record hits with a time resolution at the level of 50-100 pico seconds,
are being designed for upgrade II.



Particle identification (PID) in LHCDb

HadronPID inthe 2-100GeV/crange, using Ring imaging Cherenkov (RICH) detector
iIsa unique feature oL HChandis used for most of the physics results frarthiCh

Photon detectors:
hoton Multi-anode photomultipliers (MaPMTs)

RICH1 schematic diagrams
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Particle identification coverage: RICH1

Cherenkov photon production:
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RICH2: 15-100 GeV/c in general.
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RICH2 schematic diagram



RICH upgrade project

A Some of the options for improving the RICH
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A Use new photon detectors named silicon photomultipliers (SiPM) PR 1528
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Comparison of the efficiencies of SiPM and MaPMT

A LHCb uses GEANT4 software tool kit to perform full simulations for all detectors
This will be used to design and implement various options for the upgrade.

A The LHCb simulation and reconstruction programs are written in C++
In the future they may be adapted for usage on GPUs, for improved CPU performance.



RICH upgrade project

A Improving RICH time resolution

A ln the RUNS3, each 6evento wil
p-p collisions collected during 25 ns by each of the detectors in the
experiment.

A In the RUN3 we plan to pioneer the implementation of a nano-gating
scheme. This will select single photon signals in a time
gate whose width is in the range of 31 6 ns.

A This requires adaptations in both software and hardware.

A RUN4 and beyond: We plan to measure the time of the primary
vertex (where the p-p interaction occurred)
using tracking detectors. This will enable to
reduce the width of the time gate to ~300 ps with
MaPMTs in RUN4 and to ~80 ps with SiPMs in RUNS.

A Reducing the time gate, without loosing the signal , has been shown
to improve the PID performance of the RICH system.
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A Readout scheme for MaPMTs in RUN3

A

RICH upgrade project: readout hardware

Scheme for RUNS Photon detector module digital board (PDMDB)
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Analogue signals from MaPMT are converted to digital
signals by a readout chip and then sent to a
digital readout board named PDMDB which contain FPGAs.

Versatile
Link

Hardware time gates for signal selection, will be implemented in the readout boards

The project will involve working on readout hardware and gaining expertise on the FPGAs. |



Opportunities for the student

A Design and assemble a modern RICH detector using state-of-the-art technology
for the future runs of LHCD.

A Develop expertise in readout hardware and detector software :
A Work on FPGAs and other readout hardware
A Use modern C++ software and use packages like GEANT4
A Options to work on modern GPUs
A Work on new photon detectors in collaboration with industry

A  The skills developed in this project are useful assets for a career in particle physics.
They also provide many transferable skills for working in other fields.
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