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Goals today:
oThis talk:

Show how LHCb uses the strengths of its detector to 
overcome the limitations of the environment

Focuson key techniques -- not a completeάŀƴŀƭȅǎƛǎ 
ǎŜƳƛƴŀǊέ

oBeyond this talk:
Stimulate thinking about new ways to use the 
information you have toapproach analyses in new 
ǿŀȅǎ ŀƴŘ ǳƴƭƻŎƪ άƛƳǇƻǎǎƛōƭŜέ ǎƛƎƴŀƭǎ

tǊŜǾŜƴǘ ȅƻǳ ŦǊƻƳ ōŜƛƴƎ ƭƻŎƪŜŘ ƛƴǘƻ άŎƻƴǾŜƴǘƛƻƴŀƭέ 
analysis paradigms as the only way to do things
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Outline
oLƴǘǊƻŘǳŎǘƛƻƴ ǘƻ [I/ō ϧ ƻǳǊ άŜƴǾƛǊƻƴƳŜƴǘέ ƛƴ Řŀǘŀ

oHadronic B decays
LHCb standard technique overview

New technology in ὄ ᴼὑ “

Extensions

oSemileptonic B decays
General LHCb approaches

Tau analyses

Muonic

3-prong

oUpgrade preview
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Heavy Flavor at LHC

o[I/ Ŏƻƭƭƛǎƛƻƴǎ ǇǊƻŘǳŎŜ ŎƻǇƛƻǳǎ ŀƳƻǳƴǘǎ ƻŦ ōŜŀǳǘȅ ŀƴŘ ŎƘŀǊƳ
!ǘ т ¢Ŝ±Υ ṑōɎϤ нрл ō˃ 

!ǘ мо ¢Ŝ±Υ ṑōɎϤ рол ō˃

tǊƻŘǳŎǘƛƻƴ ŘƻƳƛƴŀƴǘƭȅ ƻŎŎǳǊǎ ŀǘ ƘƛƎƘ ǿ́ƛǘƘ ƘƛƎƘƭȅπōƻƻǎǘŜŘ /a ŦǊŀƳŜ

CǊŀƎƳŜƴǘŀǘƛƻƴ όŀǾŜǊŀƎŜŘ ƛƴ ŀŎŎŜǇǘŀƴŎŜύΥ сн҈ .Σ мн҈ .ǎΣ нс҈ ōŀǊȅƻƴ 

o/ŜƴǘǊŀƭ ŘŜǘŜŎǘƻǊ ό– ςȢυύ ǎŎƘŜƳŜ ŎƻǾŜǊǎ ƻƴƭȅ рн҈ όпр҈ύ ƻŦ ō ǉǳŀǊƪ όǇŀƛǊύ 
ǇǊƻŘǳŎǘƛƻƴ ŘŜǎǇƛǘŜ ǎǳǊǊƻǳƴŘƛƴƎ Ҕфу҈ ƻŦ ǘƘŜ ǎƻƭƛŘ ŀƴƎƭŜ 
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The LHCbDetector
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VELO Performance Paper:
JINST 9 (2014) P09007

oLHCb approach: focus on forward direction: cover 27% (25%) of (pair) production while 
instrumenting < 3% of the solid angle

Lumi @ LHCb ~ σ ρπȾὧά ȾίᴼτπȟπππὦὦȾίproduced in acceptance (~400 billion per 
snowmassstandard year)

oCoverage is from ρυÍÒÁÄȤσππςυπÍÒÁÄin the horizontal (vertical)
ρЈȤρχЈ(very roughly)



The LHCbDetector
Charged particles (Ὡȟ‘ȟὴ“ȟὑ ) are bent into/out of the page and their 
charge, momentum, and trajectory are measured (dipole spectrometer)

ὦ-hadron decay products are distinguished from proton-proton collision 
fragments via their impact parameter with respect to reconstructed pp 
vertices

с

VELO Performance Paper:
JINST 9 (2014) P09007



The LHCbDetector
High-energy muons are not 
easily stopped by material and 
are identified by their exiting 
out the back of the detector
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Dedicated Gas Cherenkov 
detectors provide 
measurements of — —ὺȾὧ
to separate different particle 
species

RICH Performance paper: 
Eur. Phys. J. C 73 (2013) 2431

Muon Performance Paper:
JINST 8 (2013) P10020



9ȄǇŜǊƛƳŜƴǘŀƭ 9ƴǾƛǊƻƴƳŜƴǘǎ

o B-factories: exploit clean BB production from ὩὩ ᴼɭτὛO ὄὄ ὗ ςπ-Å6
A prioriknowledge of B energy and collision CM, no extra particles in signal events
Easy to cross-feed tracks due to low CM momentum of B mesons
Event shape needed to separate ὄὄvs more frequent ὩὩ ᴼήήȟή όȟὨȟίȟὧ

o LHCb: exploit clean B hadron decay vertex
At LHC energies, b hadrons fly macroscopic distances before decay: use displaced 
vertex, large impact parameter of charged tracks, etc
Production is ὫὫO ὦὦ ὓὖὍίὬέύὩὶὭὲὫὍὛὙỄ, many extra tracks, very 
large background for neutrals
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ὄ ᴼὈ ᴼὑ ὑ “ ‘ Ӷ’ ?



LHCbEvents
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All hadronic
[PRL 113, 172001(2014)]

ὦO charmonium
[PRD 86, 052006 (2013)]

owŜŎƻƴǎǘǊǳŎǘƛƻƴ ƻŦ 
ǎŜŎƻƴŘŀǊȅ ǾŜǊǘŜȄ 
ϝŜȄǘǊŜƳŜƭȅϝ ŎƭŜŀƴ
CƭƛƎƘǘ ŘƛǎǘŀƴŎŜ ǳǇ ǘƻ 
ϤŎƳ ǎŎŀƭŜ

LƳǇŀŎǘ ǇŀǊŀƳŜǘŜǊ 
ǊŜǎƻƭǳǘƛƻƴ όмр 
ҌнфκǇ¢ώDŜ±ϐ ύ ˃Ƴ 

o5ƻƳƛƴŀƴǘ ōŀŎƪƎǊƻǳƴŘ 
ƛǎ ƻǘƘŜǊ όǇŀǊǘƛŀƭƭȅπ
ǊŜŎƻƴǎǘǊǳŎǘŜŘύ . ŘŜŎŀȅǎ 
ϧ ŎƻƳōƛƴŀǘƻǊƛŀƭΣ ƳƛǎL5

30mm 
module
pitch



Example

oExcellent example of a mode that 
plays to LHCb strengths: ὄ ᴼὑ “

Only two tracks to reconstruct (high 
efficiency)

Kaon in final state (most PV tracks 
are pions)

ς ρπ branching fraction is large 
(enough) given ρπὦὦ/s

Momentum and vertex (~ lifetime) 
resolution allows clear separation of 
ὄȟὄ
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JHEP 03 (2021) 075



o{ƪƛǇǇƛƴƎ Ƴŀƴȅ ŘŜǘŀƛƭǎΧ
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²ƛƭƭ tŀǊƪŜǊΣ /9wb [I/ ǎŜƳƛƴŀǊΣ м5ŜŎнлнл



oάƛƳǇƻǎǎƛōƭŜέ м-track mode ὄ ᴼὑ “ is also of clear interest to check 
consistency of sum rule

Covered by B-factories, but bringing LHCb statistics to bear is tantalizing 
(bf ~ ρȢσ ρπ )
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Will Parker, CERN LHC seminar, 1Dec2020



LHCb Events & ὄᴼὑ “Ⱦ
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ὑ

“

ὴὴŎƻƭƭƛǎƛƻƴ

ὄvertex

ὑ

ὴὴcollision

“ ECAL 
energy

oHave only a single track and a blob in the calorimeter, no conventional vertex is 
possible!

Is there a way to identify the signal without knowing the trajectory of the 2nd

daughter particle?

o.ŜŦƻǊŜ ǿŜ ǘŀƭƪ ŀōƻǳǘ ǘƘŜ ŀƴǎǿŜǊΣ ƭŜǘǎ ƭƻƻƪ ōŀŎƪ ƛƴ ǘƛƳŜ ŀ ōƛǘΧ



Some Time Travel
o[I/ōΩǎ ǇǊƻōƭŜƳǎ ƛƴ ǘƘƛǎ ƳƻŘŜ ƭƻƻƪ 
unique, but in reality they are not!

oA similar difficulty exists at the B-
factories: Want to do time-
dependent ὃ in ὑ“ȟὑ“‎,  
etc

B-tagging can yield clean signal 
peaks, but no secondary vtx = no 
decay time info!

oTheir solution: compute a vertex 
between the ὑ trajectory and the 
beam axis

Underlying approximation is that 
ɝὼȟɝώḺɝᾀ

мп

Beam
Spot

Ƕᾀ

ὑ ᴼ““

ɝᾀͯ ɝὸ

ὄ



Mother-trajectory approach

oConstruct intersection of 3-momentum vector (origin at PV) and Kaon flight trajectory!
Usual LHCb analysis place selection on the consistency of the reconstructed 
momentum and displacement vectors -- here we require the same consistency but 
with different information

oBDT combines isolation and kinematics to do remainder of background suppression, but 
this really is the secret sauce--ǿƛǘƘƻǳǘ a¢ 5h/! ǿŜ ŎƻǳƭŘƴΩǘ ŜǾŜƴ ǘǊƛƎƎŜǊ ǘƘƛǎΗ

мр

ὑ

“

ὴὴcollision

ὄvertex

ὑ

ὴὴcollision

“ ECAL 
energy

/ƻƴǎƛǎǘŜƴŎȅ ƻŦ LƴǘŜǊǎŜŎǘƛƻƴ 
ᴺōŜǘǘŜǊ               ǿƻǊǎŜ ᴼ

(note logarithm on x scale)

Will Parker, CERN LHC seminar, 1Dec2020

ᴆὴ



Result: A Clear Signal!
oWith combination of the 
new technique and 
efficient selection of 
events without additional 
nearby tracks όάƛǎƻƭŀǘƛƻƴέύ

oWord-leading 
measurement of the 
asymmetry in this 
άƛƳǇƻǎǎƛōƭŜέ ƳƻŘŜΗ

oNote the much-smaller 
asymmetry here 
compared to all-charged 
mode (lower)

Naively should be 
similar. Something to 
learn here!
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Extensions to other modes
oMother-trajectory approach can be applied in a straightforward way to intermediate 
lifetime neutrals as well (ὑȟɤ)

oNew result: photon polarization & CP asymmetry in ɤ ᴼɤ‎
arXiv:2111.10194, Submitted to PRL 

17

‎polarization 

in ɤ

‎polarization 

in ɤ



Semileptonic B decays

oά.Ŝǘŀ ŘŜŎŀȅέ ƻŦ . ƘŀŘǊƻƴǎ ςsignature is lepton (ɛor e (or †!)) , recoiling hadronic 
system, and missing momentum

oTheoretically well-understood in the SM
o Tree level virtual W emission ςstrong V-A structure
o No QCD interaction between the lepton-neutrino system and the recoiling 

hadron(s)
oὄᴼὡᶻὈᶻ half of the decay still needs non-perturbative input

oCharged lepton universality implies branching fractions for semileptonic decays to 
Ὡȟ‘ȟ†differ only phase space and helicity-suppressed contributions

му

ὄ ᴼὈ ᴼὑ ὑ “ ‘ Ӷ’ candidate

ὡ

Љ
Ӷ’Љ

ὄ Ὀ



What we want to measure
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ὄ
Ὀᶻ

‘

“

ὑ

“

’

ὄ
Ὀz

†

“

ὑ

“

σ’

Ὀ

‘

ὄ ᴼὈᶻ‘ Ӷ’

άƴƻǊƳŀƭƛȊŀǘƛƻƴέ

ὄ ᴼὈᶻ† Ӷ’
άǎƛƎƴŀƭέ

PV

PV

Ὀ

ὙὈᶻ ḳ
ꜞὄ ᴼὈᶻ† Ӷ’

ꜞὄ ᴼὈz ‘ Ӷ’Љ

o Theoretically clean due to cancellation of form factor 
uncertainties

ÅPoorly-measured helicity suppressed amplitudes give 
dominant uncertainty

ÅSM (HFLAv): 
ὙὈᶻ πȢςυςυ

Å† ᴼ‘ Ӷ’Љ’

ÅAutomatic normalization from identical final state

ÅMust be disentangled from ὄ ᴼὈᶻ‘ Ӷ’ using 
decay kinematics

o† ᴼ“““ “ ’

ÅPotentially higher signal purity

ÅMust be normalized to hadronic B decays (reliant on 
external measurements to get R(D*)

ÅCommon Challenges: missing neutrinos with (mostly) 
unconstrained momentum

Å5ƻƴΩǘ ƘŀǾŜ Ŧǳƭƭ . ƳƻƳŜƴǘǳƳ

ÅLarge backgrounds from other partially-
reconstructed B decays



Distinguishing ὦO ὧ†O ‘’’’from ὦO ὧ‘’
oStarting in †O ‘’’, have three key kinematic variables:

нл

ὄὈᶻ

‘

ά

ὉzAlternately
ή ὴ ὴᶻ

ά Ὁᶻ
ᶻ

║ ᴼ╓ᶻⱲⱨ ║ ᴼ╓ᶻⱧⱨ

ά π ά π

Ὁᶻspectrumis soft Ὁᶻspectrumis hard

Í ή ρπȢφ'Å6 π ή ρπȢφ'Å6

ή ὴЉ ὴ

ά ᶻ



Lƴ ŀ ƳƻǊŜ ǇŜǊŦŜŎǘ ǿƻǊƭŘΧ

oBy fully reconstructing the event, the missing energy (or alternately the 
signal B initial momentum) can be constrained and the missing mass 
directly computed

oBut at LHCb we lack the information needed to close the kinematics!
Unknown hard interaction energy, many underlying event particles, etcΧ

We know the directionof ὴ, but not the magnitudeΧ need a constraint!

21

Cartoon from M. Rotondo, CKM2016



Rest frame approximation

ÅKey observation: Distributions are broad to begin with ςa well-behaved approximation will still preserve 
differences between signal, normalization and backgrounds

Take ‎‍ ‎‍ ᶻ

ὴ
ά

ά Ὀz‘
ὴ ᶻ

ÅThe problem of large nontrivial resolutions is by no means unique to us, and it should not be daunting
See, e.g., neutron spectrometry

If resolution/approximations in reconstruction are reliably simulated, then you can get away with a lot!

22

‘

†

MC Truth

Our 
Approximation

Ὁz ϳ-Å6ὧά ϳ'Å6ὧ ή ϳ'Å6ὧ

Ὁᶻ ϳ-Å6ὧά ϳ'Å6ὧ ή ϳ'Å6ὧ

LHCb-PAPER-2015-025 supplementary



Fit
Å¦ǎƛƴƎ ǊŜǎǘ ŦǊŀƳŜ ŀǇǇǊƻȄƛƳŀǘƛƻƴΣ ŎƻƴǎǘǊǳŎǘ о5 άǘŜƳǇƭŀǘŜέ ƘƛǎǘƻƎǊŀƳǎ ŦƻǊ 
each process contributing to Ὀᶻ‘

Signal, normalization, and partially reconstructed backgrounds use simulated events, 
other backgrounds use control data

Templates are functions of any relevant model parameters via interpolation between 
histograms generated with different fixed values of those parameters

ÅThese templates are then used as PDFs for a maximum likelihood fit to data
~Inclusive spectral unfolding in multiple dimensions

Å-> distributions shown previously directly translate to one-dimensional 
projections of the 3D templates for signal and normalization 
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Ὁz ϳ-Å6ὧά ϳ'Å6ὧ ή ϳ'Å6ὧ

LHCb-PAPER-2015-025 supplementary



Reducing partially reconstructed backgrounds
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Track IP

PV

Underlying
Event

oMake use of superb tracking system
Scan over every reconstructed track and compare against Ὀᶻ‘ vertex

Check for vertex quality with PV and SV, change in displacement of SV, ὴ, alignment of 
track and Ὀᶻ‘ momenta
Our equivalent tool to requiring no more reconstructed physics objects after signal and tag 
are selected

o9ŀŎƘ ǘǊŀŎƪ ǊŜŎŜƛǾŜǎ .5¢ ǎŎƻǊŜ ŀǎ ά{±-ƭƛƪŜέ όƘƛƎƘύ Ǿǎ άt±-ƭƛƪŜέ όƭƻǿύ
Cut on most SV-like track below threshold: get signal sample enriched in exclusive 
decays. Rejects 70% of events with 1 additional slow pion
Cut on most SV-like track(s) being above threshold: get control samples enriched in 
interesting backgrounds -ὄᴼὈᶻ“‘’ȟὄᴼὈᶻ““‘’ȟὄᴼὈᶻὌ ᴼ‘’ὢ ὢ
(very analogous to high Ὁ control regions in, e.g.ὄᴼ†’)

{±



Other Major Tool: Control Samples
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ὄ ᴼὈᶻ‘ Ӷ’ (normalization)

ὄ ᴼὈᶻ† Ӷ’
(signal)

ὄ ᴼὈᶻz ‘ Ӷ’ ὄ ᴼὈᶻz † Ӷ’

ὄ ᴼὈᶻz ‘ Ӷ’ ὄ ᴼὈᶻz † Ӷ’

ὈᶻzᴼὈᶻ“(3 states each, 6 PDFs)

ὄ ᴼὈzᶻ‘ Ӷ’

Ὀzᶻ ᴼὈz ὑ , (2 states, 1 free param)

ὄȟᴼὈᶻz‘’

ὈzᶻᴼὈz ““, (cocktail)

ŎƻƳōƛƴŀǘƻǊƛŀƭ
Ὤᴼ‘

misidentification

ὄᴼὈz Ὄ ᴼ‘’ὢ ὢ
ὄᴼὈᶻὈ ᴼ† Ӷ’ ὢ

Control sample fits to constrain shapes

LHCb-PAPER-2015-025 supplementary

Corrections applied to double-charm
dalitz plots, form factors of semileptonic 
backgrounds (excited charm) measured



Other Major Tool: Control Samples
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ὄ ᴼὈᶻ‘ Ӷ’όƴƻǊƳŀƭƛȊŀǘƛƻƴύ

ὄ ᴼὈᶻ† Ӷ’
(signal)

ὄ ᴼὈᶻz ‘ Ӷ’ ὄ ᴼὈᶻz † Ӷ’

ὄ ᴼὈᶻz ‘ Ӷ’ ὄ ᴼὈᶻz † Ӷ’

ὈᶻzᴼὈᶻ“(3 states each, 6 PDFs)

ὄ ᴼὈzᶻ‘ Ӷ’

Ὀzᶻ ᴼὈz ὑ , (2 states, 1 free param)

ὄȟᴼὈᶻz‘’

ὈzᶻᴼὈz ““, (cocktail)

combinatorial
Ὤᴼ‘

misidentification

ὄᴼὈz Ὄ ᴼ‘’ὢ ὢ
ὄᴼὈᶻὈ ᴼ† Ӷ’ ὢ

/ƻƴǘǊƻƭ ǎŀƳǇƭŜ Ŧƛǘǎ ǘƻ ŎƻƴǎǘǊŀƛƴ ǎƘŀǇŜǎ

LHCb-PAPER-2015-025 supplementary

Johnathan Frakes
on simulated ὄ

backgroundsamples
άƻǳǘof theōƻȄέ



LHCb result
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Å3D fit to ά ȟὉᶻȟή

ÅResult: ὙὈᶻ πȢσσφπȢπςχπȢπσπ

(2.1 sigma from CLN prediction)

First measurement of a ὦO ὢ†’decay at a 
hadron collider

ÅDominant systematics from MC statistical 
uncertainty and background from hadrons 
misidentified as muons

PRL 115 111803(2015)



ὄ ᴼὈᶻ†Ӷ’with † ᴼ“““ “ ’

o¢Ƙƛǎ ǎƛƎƴŀƭ ƳƻŘŜ ƛǎ ƘƛǎǘƻǊƛŎŀƭƭȅ ǾŜǊȅ ŎƘŀƭƭŜƴƎƛƴƎ ŘǳŜ ǘƻ ǘƘŜ ƭŀǊƎŜ ƛƴŎƭǳǎƛǾŜ 
ὄᴼὈz σ“ ὢōǊŀƴŎƘƛƴƎ ŦǊŀŎǘƛƻƴ όƛƴŎƭǳŘŜǎ ƴƻǊƳŀƭƛȊŀǘƛƻƴ ƳƻŘŜύ
{ƛȊŜ ƛǎ мллȄ ŜȄǇŜŎǘŜŘ ǎƛƎƴŀƭ

o±ŜǊȅ ƭŀǊƎŜ ōƻƻǎǘ ȅƛŜƭŘǎ ŀ ǘŜǊǘƛŀǊȅ ǾŜǊǘŜȄ ŀƴŘ ŀŘŘƛǘƛƻƴŀƭ ƘŀƴŘƭŜǎ ŀǘ [I/ō
wŜǉǳƛǊƛƴƎ τ„ǎŜǇŀǊŀǘƛƻƴ ƻŦ ǾŜǊǘƛŎŜǎ ŀƭƻƴƎ ǶᾀǊŜƳƻǾŜǎ ффΦф҈ ƻŦ ƴƻƴπŦƭȅƛƴƎ 
ōŀŎƪƎǊƻǳƴŘ

{ƛƎƴŀƭ ŜŦŦƛŎƛŜƴŎȅ ƛǎ Ϥоп҈

28

PRD 97 (2018) 072013



Reconstruction of Fit Variables
ÅAgain, we make use of alignment of flight direction and total momentum, except 
now we have a tau vertex to play with!

Know: ὴ ȟὴ ,z ὄflight vector from PV, σ“flight vector from Ὀᶻ

Using known ὄand †mass to solve results in ς ς-fold quadratic ambiguities

ÅChoose —ȟ—ᴂsuch that the ambiguity vanishes

Provides ρπϷresolution on ή

Å2nd reconstruction hypothesis: assume no neutinosat B vertex, unknown mass 
neutral system at 3pi vertex ςobtain estimate for mass m(3pi+N) which peaks for Ds 
bkgnd

Åusing strengths of detector to overcome difficulties of environment/final state!

29



Controlling Ds backgrounds
ÅLargest background is from ὄᴼ
ὈzὈ ᴼσ“ὢ

Train BDT to distinguish the 
two decays using (mainly) σ“
dynamics
BDT used both as selection 
and fit variable

ÅὈ decay simulation is 
ǳƴǘǊǳǎǘǿƻǊǘƘȅ ŀǘ ōŜǎǘ όŘƻƴΩǘ 
blindly trust decay.dec!). 3 Step 
process to calibrate background 
simulation:

¢Ǌŀƛƴ .5¢ ƻƴ άǾŀƴƛƭƭŀέ 
(uncorrected) simulation 
use to select pure Ὀ sample 
correct Ὀ simulation 
modelling by comparison of 
BDT inputs in background-like 
region
Apply corrections to 
background template in signal 
fit

ол

PRD 97 (2018) 072013



Fit
Å3D fit in ή, †decay time (not shown), BDT

ÅExclusive ὄᴼὈz σ“ provides 
normalization for measurement

ɣὈᶻ ḳ
ꜞ ᴼ ᶻ

ꜞ ᴼ ᶻ

ὙὈᶻ ὑὈᶻ
ꜞ ᴼ ᶻ

ꜞ ᴼ ᶻ

ÅResult: πȢςψφπȢπρωπȢπςυπȢπςρ

31

PRD 97 (2018) 072013



Next Steps for 
LHCb
HEAVY FLAVORIN RUN3 AND BEYOND
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LFU Ratio prospects
ÅGeneral prospects for increasing 
precision of core observables (Ὑὢ ) 
are relatively well-established

Ultimate sensitivity depends on 
what systematics become limiting

Large datasets -> large control 
samples -> most systematics can be 
reduced

ÅRight: projections if limiting 
systematics become combinatorial 
background shapes, PID efficiencies, 
data/MC corrections 

ÅAbsolutely crucial that computing keep 
up with data (need simulation ~4x data 
to keep up)

Raw power/architecture 
improvements?

Improved FastMC? (systematics?)
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ὦO ό†’
ÅὦO όsemileptonicsare challenging due to very 
large combinatoric backgrounds

Low daughter multiplicity, 
no tertiary vertex

One handle: rarer ὢ systems (ὴȟὑinstead of “)

Example: Existing LHCb result on ȿὠ ȿin ɤ ᴼ
ὴ‘’is already systematics limited with just Run1

External inputs dominate ςform factors, ɤ ᴼ
ὴὑ“

ÅTargets for LFU: ὄ ᴼὴӶὴ†’

Expect O(1000) normalization in first search for 
this mode at LHCb, by Run5 could have similar 
stats to 2015 LHCb R(D*) measurement

Many challenging partially reconstructed bkgds
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Farewell to a Superb Detector
oLHCb remains diverse and vibrant 
experimental collaboration during long 
shutdown:

~1400(!!!) members across 85 institutions in 
18 countries working on Run1&2 data, 
upgrade construction, upgrade software, 
planning for further future, etc.

oLHCb as we knew it has been disassembled to 
make room for the Phase-I upgrade detector

Fast readout for real-time software decision-
making
More granular subdetectors to cope with 
ΨōǳǎƛŜǊΩ ŜǾŜƴǘǎ

oPhotos: LHCbExperimenton Instagram
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LHCb Upgrade in a Nutshell
oCannot increase luminosity any further in Run2 
trigger scheme

Fixed-bandwithhardware decisions limit output 
rate and only access limited event info 
Increasingly strict requirements select *against* 
heavy-flavour events

oLHCb Upgrade Concept:
Completely rebuilt detector readout to be 
synchronous with LHC beam crossings 
Real-time analysis style event selection

Fast event reconstruction with GPU technology
Can identify candidate B hadrons and interesting 
tracks *before* making the decision!

oResult: Order-of-magnitude increase in dataset

oRequire significant increase in segmentation to 
deal with ͯ υὴὴcollisions per event

All new charged-particle trackers
Re-optimized and rebuilt particle identification 
subdetectors
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Upgrade outside the nutshell
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Summary
oLHCb groups have been hard at work finding ways to move beyond the 
applications envisioned in the physics case and design work

Many of the techniques have spiritual (if not direct) analogs in the B 
factories ςǿŜ ŘƻƴΩǘ ǿƻǊƪ ƛƴ ŀ ǾŀŎǳǳƳ ŀƴŘ ƴŜƛǘƘŜǊ Řƻ ȅƻǳΗ

oNot every possibility for Belle-II has been done already, nor possibly even 
imagined yet!

Keep your eyes open and look for connections between your problems and 
others, you never know where a breakthrough will come from!
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Backup Slides
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Aside: Semileptonicswith light leptons
oWith a single missing neutrino, there exists a very nice tool:

ά ά ὴ ȿὴȿ

Signal peaks at B mass, shape well-described by MC, not 
very sensitive to form factors

oThis tool is surprisingly general however:
9ȄŀŎǘƭȅ ŜǉǳƛǾŀƭŜƴǘ ǘƻ άǘǊŀƴǎǾŜǊǎŜ Ƴŀǎǎέ ǾŀǊƛŀōƭŜ ǳǎŜŘ ŦƻǊ 
energy frontier searches involving missing energy
Also appears in some partial-reconstruction techniques with 
single missing neutral particles
Used in LHCb inclusive triggering to find B decays with 
daughters below HLT tracking threshold and/or neutrals
Good to keep in your toolbox!
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