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The LHCb detector

Overall view of the LHC experiments. =
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* LHCb is a general purpose detector in the forward region



The LHCb detector

Overall view of the LHC experiments.
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bb productipn * LHCb is a general purpose detector in the forward region

- bb produced mostly in forward-background regions - only
P instrument forward region




The LHCb detector

LHCb CERN
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bb productipn * LHCb is a general purpose detector in the forward region

- bb produced mostly in forward-background regions - only
P instrument forward region

« Exploit boost in this region to separate signal from bkg
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The LHCb detector : upgrade |

» Increased inst. lumi (pile-up now ~ 6) + removed hardware trigger

New Vertex

detector

>  Si-microstrip
— Si-pixel

» Closer to
beam

» Improved IP
resolution

New PID
detector
> new photon

detectors +
readout
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o New read out
New » Si-strip +
. straw-tubes —
traCkmg Scintillating
system fibres + new GPU
> Si-strip UT — trigger/data

> granularity centre
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T GPU-based trlgge
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http:// www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
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https://link.springer.com/article/10.1007/s41781-020-00039-7
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The LHCDb physics program

b— s(d)¢T¢" and b — sy (Rg, P.,...)

Proton-lead, lead-lead and also fixed target (SMOG)

b— c(u)lv (R(D*),Vup,... )

W mass measurement, vector boson production,
dark photons,..

Pentaquarks, tetra quarks, quarkonia...
Time-dependent, time independent

DY — DY mixing, first observation of CPV in charm, ...
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The LHCDb physics program

Rare Decays

Heavy lons

Semi-leptonic

QCD,EW,
exotica

Spectroscopy

CP violation

b— s(d)¢T¢" and b — sy (R, P, ...)

Proton-lead, lead-lead and also fixed target (SMOG)
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Electroweak Penguins

b— sl 0~
Standard Model

Suppressed in the SM as mediated via loop diagrams
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b— slT0~
Standard Model New Physics

Suppressed in the SM as mediated via loop diagrams

Suppression = very sensitive to New Physics diagrams
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Electroweak Penguins
Mass of NP in TeV

b— sl

Standard Model New Physics beyond the TeV

Suppression = very sensitive to New Physics diagrams ,



Summary of b — su™u~ branching fractions
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Angular analysis of B — K**(— K 77 )u*u

LHCb BO PRL 125, 011802 (2020) . LHCb B+ PRL 161802 (2021) ATLAS: JHEP 10 (2018) 047
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Angular analysis of B — K**(— K 77 )u*u
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Bg — ouT " BT - K*Tutu~ BY — K9t
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Global fit to underlying effective couplings
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University
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The LHCDb physics program

b— s(d)¢T¢" and b — sy (Rg, P.,...)

Proton-lead, lead-lead and also fixed target (SMOG)

b— c(u)lv (R(D*),Vup,... )

W mass measurement, vector boson production,
dark photons,..

Pentaquarks, tetra quarks, quarkonia...
Time-dependent, time independent

DY — DY mixing, first observation of CPV in charm, ...
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Heavy ion runs at LHCb: Quark Gluon Plasma

1% Los Alamos

NATIONAL LABORATORY

» Harmonic coefficients — hydrodynamic of quark-gluon plasma

»First LHCb results of the second- and the third-order flow harmonic coefficients of
charged hadrons as a function of transverse momentum in the forward region

PbPb |5,y =5.02 TeV LHCb
<\, 65-75% 2<p_ <3 GeV

PbPb collisions in 2018 at a center-of-mass energy of 5.02 TeV

7 B\ .. v"
1 \'\»"{"A\‘V

LHCb-PAPER-2023-031
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»eY% ne

/A \/
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Heavy ion runs at LHCDb: ;7(3 production

Differential cross section of ;70 in
collisions (8 TeV)

pp (5TeV and 13TeV) and pPb

Used to calculate nuclear modification factors @ CINCINNATI
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https://cds.cern.ch/record/2877059

The LHCDb physics program
Proton-lead, lead-lead and also fixed target (SMOG)
b— s(d)f"¢" and b — sy (Rk,P.,...)

b— c(u)lv (R(D*),Vup,... )

W mass measurement, vector boson production,
dark photons,..

Pentaquarks, tetra quarks, quarkonia...
DY — DY mixing, first observation of CPV in charm, ...

Time-dependent, time independent
26



Joint measurement of R(D*) and R(D") at LHCb

» Simultaneously measure R(D*), R(D") R D(*) B B(B — D(*>7_’7T)
via T — uUvv ( ) =

B(B — D™ )

« Challenge: neutrinos, missing energy

* We know flight direction of B: use missing
transverse momentum, as well as energy
of muon, to separate signal/background

UNIVERSITY OF

& MARYLAND

PSI Workshop 2022 19/10/2022 Eluned Smith 27
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Joint measurement of R(D*) and R(D") at LHCb

» Simultaneously measure R(D*), R(D") R(D(*) . B(B — D(*>7'_Dr)
via T — uvv ) =

« Challenge: neutrinos, missing energy

* We know flight direction of B: use missing
transverse momentum, as well as energy
of muon, to separate signal/background

LHCb-preliminary LHCDb-preliminary
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R(D*)
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PHYS. REV. LETT. 131 (2023) 111802

Joint measurement of R(D*) and R(D") at LHCb
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The LHCDb physics program
Proton-lead, lead-lead and also fixed target (SMOG)
b— s(d)f"¢" and b — sy (Rk,P.,...)

b— c(u)lv (R(D*),Vup,... )

W mass measurement, vector boson production,
dark photons,..

Pentaquarks, tetra quarks, quarkonia...
DY — DY mixing, first observation of CPV in charm, ...

Time-dependent, time independent
31
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First measurements of Zc jets in forward region

Uil
c - Massachuseits
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Z-tagged jet fragmentation functions

7= Phad * Pjet = [Phad X Piedl flz, jr) = 1 dNy(z, 1)
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> First measurement of jet fragmentation fractions for charged pions,
kaons, and protons within jets recoiling against a Z boson.

» Charged-hadron distributions studied longitudinally + transversely to
the jet direction for jets with transverse momentum 20 < pT < 100
GeV and in the pseudorapidity range 2.5 <n <4.

UNIVERSITY OF

MICHIGAN

34




The LHCDb physics program
Proton-lead, lead-lead and also fixed target (SMOG)
b— s(d)f"¢" and b — sy (Rk,P.,...)

b— c(u)lv (R(D*),Vup,... )

W mass measurement, vector boson production,
dark photons,..

Pentaquarks, tetra quarks, quarkonia...
DY — DY mixing, first observation of CPV in charm, ...

Time-dependent, time independent
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Exotic +conventional hadrons discovered at LHC

11.0 1 1 1 1 1 1 1 1 1 1 1 1
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Exotic +conventional hadrons discovered at LHC
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Exotic +conventional hadrons discovered at LHC

Observation of new
pentaquark states

Phys. Rev. Lett. 122, 222001 (2019) — 0
D*

vt

Observations of four new
excited €2, states
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The LHCDb physics program

b— s(d)¢T¢" and b — sy (Rg, P.,...)

Proton-lead, lead-lead and also fixed target (SMOG)

b— c(u)lv (R(D*),Vup,... )

W mass measurement, vector boson production,
dark photons,..

Pentaquarks, tetra quarks, quarkonia...
Time-dependent, time independent

DY — DY mixing, first observation of CPV in charm, ...
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A few words on Upgrade ||

Run 1&2

LS2

Run 3

LS3

Run 4 LS4 Run 5 LS5 Run ->
L=4x10%/cm?s LHCb L=2x10%/cm?s LHCb L =2x10%/cm?s LHCb L=2x10%*/cm?s [ Ldt = 300 fb!
JLdt=9fb? Upgrade | J Ldt ~ 23 fb? Upgrade Ib [ Ldt =50 fb? pgrade I|

2011-2018

2019-2021

2022-2024

2025-2027

2028-2030

2031

2032-2034

2035

2036->

» By end of Upgrade | many observables will still be inaccessible or
statistics-limited: Upgrade Il needed to realise full physics potential

» TDR for Upgrade |l released (2021), R&D programmed approved
(2022), sub-detector TDRs expected ~ 2026

» Aiming for same performance as Run 3 but with ~40 (as opposed to

~6) pile-up (!)

Run 3: pile-up ~6

Upgrade II: pile-up ~42

.Y (mm)

[=l=lelalelsls]

.y (mm)

[elelalolelsla]
Vive SR -

~6cm


http://cdsweb.cern.ch/record/2776420?ln=en

A few words on Upgrade ||

Upgrade | Upgrade Il
—) —)

Inst. luminosity [107° cm2s1]

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6_

16 schedule updated beginning of 2022 o o —; 350

14 430 % Upgrade |l requirements:

12 = o
— 250 .

10 I 2 > Better granularity

g E - .

) 410 £ > Fast timing (tens of ps)
=100 C

‘2‘ 3., £ > Radiation hardness

X T,

2010 2020 - 2030 2040
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Inst. luminosity [10* cm2s1]

A few words on Upgrade ||

Upgrade | Upgrade I
—— el

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6_

12 schedule updated beginning of 2022 o o —; 350 _ Upgrade ” requ”’ements
2 /<300 _
13 3250 ‘% » Better granularity
g 3%° ¢ » Fast timing (tens of ps)
6 E: .
. 310 = > Radiation hardness
2 =50 =
=N

010 2020 2030 2040

X7 . _

» Likely only general purpose flavour-facility on this time-scale
» US-led effort for R&D into ECAL (Spaghetti Calorimeter with timing)

pile-up 50

0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
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Conclusions

RICH2 M

%l Hlly

/
/ gcar HCAL
SPD/PS
agne

LHCDb (2011-2018) LHCDb Upgrade | (2022-2032)

LHCb ‘original’ has Run 3 has started and
surpassed expectations, commissioning is underway!
producing leading results in Expect significant gains from
wide range of physics increased lumi + upgraded

pPrograms (*many* not covered today) detector and trigger system
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Upstream Tracker

1719 mm

(2]

I

(e2]

3

3
1338 mm

1528 mm

Silicon-strip detector sitting just before magnet

Longer lived particles decay past end of VELO, UT allows for their
momentum to be measured + improves the track resolution of particles

decaying inside velo
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LHCDb Upgrade |

> Lumi increase means that ~24% (2%) of events will have a
reconstructable cc (bb) pair

» Significant efficiency gains, particularly for low-PT hadrons

+ electrons
Signal GEC TIS -OR- TOS TOS GEC x TOS
BY 5 K*0,Tu= [ 88.9 £ 2.0 90.6 + 2.0 88.8 £ 2.1 79.0 + 2.6
B0 —s K*0¢te— 84.2 4+ 2.7 69.1 + 3.8 61.7 + 4.0  52.0 + 3.8
B — ¢¢ 83.2 + 2.6 75.8 + 3.2 68.5 + 3.5 57.0+ 3.4
DI - KtK—nt | 82.5 + 3.6 58.5 + 5.1 42.6 + 5.1  35.1 + 4.5
Z — putu~ 77.8 + 1.2 99.5 + 0.2 99.5 + 0.2 774+ 1.2

HLT1 (software trigger) selection efficiency

Comput.Softw.Big Sci. 4 (2020) 1, 7
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