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Detector improvements could 
mean factors in effective luminosity.
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The physics case
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…

…
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The physics talks

CP-violation. Luca Silvestrini and Dan Johnson

Very rare decays and b→qll, David Straub, Jessica 
Prisciandaro, Tom Blake.

Radiative b→q𝛾, Ayan Paul, Preema Pais.

Semileptonic decays, Martin Jung, Patrick Owen.

Spectroscopy, Marek Karliner, Marco Pappagallo.

Beyond flavour, Uli Haisch, Mike Williams, Will Barter.
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CPV and CKM unitarity
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Some LHCb prospects
𝛾 determination down to ~degree 
precision on individual modes.     
Start to probe tree-level NP. 
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Great case for BES-III run on Ψ(3770) to improve the D strong phase 
inputs.

Expect statistical scaling of Φs

to continue to 300+/fb.

 A programme to control penguin 
pollution via SU(3) symmetries is 
developing.
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Charm
Expect to reach unprecedented precision on direct CPV, 
but requires theory breakthrough to be NP sensitive — 
let’s be optimistic though.
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300/fb means 
tremendous reach in 

the clean indirect CPV.
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300/fb means 
tremendous reach in 

the clean indirect CPV.

Some important experimental considerations.
E.g., compromise between symmetry of magnet up-down

luminosities, versus total luminosity.
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Rare decays
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Complementarity of observables is the key.
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Very rare decays
At 300/fb achieve ~20% on Bd→μμ/Bs→μμ but we must 
consider competition from CMS. 

Very clean and complementary new observables. With 300/fb 
measure Bs→μμ effective lifetime to 2% and time dependent 
CPV parameter Sμμ to 30%.
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Discussed exciting prospects in B→ee, B→ττ, LFV, LNU, 
rare charm, rare kaon, etc…
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b→sll decays
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Clear strategies proposed in all scenarios
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300/fb possibilities 
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More ambitious possibilities, e.g., 
full amplitude analysis including 
resonances, and even fit for 
hadronic parameters.

And of course we can now do 
precision b→dμμ…
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The LFU tests
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Crucial that we start fast simulation studies to really 
understand where we lose w.r.t the perfect detector.
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Radiative decays
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Radiative decays
Example: pinning down the 
photon polarisation…
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Some LHCb possibilities
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Time dependent Bs→Φ𝛾

b-baryon angular distributions

b→hhh𝛾 angular distributions

Must pay close attention to emphasise areas of complementarity with Belle-II. 
Serious ECAL upgrade physics performance studies encouraged.



Mika Vesterinen, University of Oxford

Some LHCb possibilities
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Semileptonic decays
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Seems that these puzzles may be related to shapes…
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LHCb possibilities 
Imagine the shape constraining power of 109 B→Dμν 
decays.  And consider all of the possibilities with b 
baryons…

Likewise for the |Vub| modes — 107 Bs →Kμν decays…

Rarer |Vub| decays like B→μμμν, Φμν, Bc →Dμν.

b →uτν decays!
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Partial reconstruction
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Study by Iwan Smith showed that a 
factor of 2 better vertex resolution 
can mean a factor of 2 in sensitivity 
to SL decays (factor of 4 in effective 
luminosity)!

This is before considering the 
background rejection from the SV 
quality!

Limited by resolution in flight direction.
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R(D(*)) and new observables
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LHCb prospects
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Physics performance question: what is the ultimate 
limit to neutral isolation performance?
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Example: QQ’ states
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Doubly heavy baryons
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Reasonable estimate for Ξbc with 300/fb ~ 103 events.

How would improved IP resolution help with selection efficiency?
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Precision EW
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Weak mixing angle

With 300/fb statistically precision 2x 
better than WA — can we make the 
necessary breakthrough in systematics?

W mass.

Relatively new idea at LHCb.
QCD systematics anti-correlated 
with ATLAS/CMS.

Electrons…
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Top

• Top…
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Of high interest to study AFB(bb) too…
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General Purpose Forward Detector
Many of LHCb’s successes have been in unforeseen areas. 
Partly possible because of the solid general purpose capabilities 
of the apparatus.
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The ECAL saturation story…

Consider 4x dilepton top-pair, 
or LFU test with sin2θw etc..

We should pay attention to the most general suite of physics 
performance metrics — even those that may not be relevant to 
our currently envisaged physics programme.
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Dark photons
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Dark photons
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Dark photons
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The charm Yukawa
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This would be competitive with all other foreseen
determinations on the same timescale!

And at 2-3x SM, this gets very interesting.
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Computing is critical
Our successful and diverse physics program is dependent on a 
flexible and “real-time” data processing scheme.
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Conclusions and outlook
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Conclusions and outlook
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“Un bon croquis vaut mieux 
qu’un long discours”
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Conclusions and outlook
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“A physics performance study 
is better than speculation”
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Conclusions and outlook
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At this workshop we had stimulating discussions on the 
physics.  We must now move forward with physics 
performance studies with detector improvements.

We must prepare a physics document for the LHCC in 
~one year.  And contribute to a Yellow report on the HL-
LHC physics opportunities in late 2018 - early 2019, 
following a kickoff meeting in late 2017.
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Conclusions and outlook
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At this workshop we had stimulating discussions on the 
physics.  We must now move forward with physics 
performance studies with detector improvements.

We must prepare a physics document for the LHCC in 
~one year.  And contribute to a Yellow report on the HL-
LHC physics opportunities in late 2018 - early 2019, 
following a kickoff meeting in late 2017.

Let’s seize the opportunity that LHCb-
phase-II presents to science!
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Backup slides start here…


