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LHCb - Run1 and Run2
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LHCb - Run1 and Run2
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[* Similar fits by Algueró et al: arXiv:2104.08921, Hurth et al: arXiv:2104.10058,  
Ciucchini et al: arXiv:1903.09632, Kowalska et al: arXiv:1903.10932, Geng et al arXiv:2103.12738 and many others] 


Critical to improve the precision in all of these measurements to clarify this picture
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LHCb - Run1 and Run2 

Many results still to come from Run1+2 data


• LFU test in different channels/kinematic regions 
[ RK*0, Rφ, high-q2,  R(D), …]


• Angular observables of b → sμ+μ− and b → se+e− decays 
[observables, parametric hadronic contributions…]


• Searches for b → sττ processes and LFV involving τ’s 
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[LHCb, arXiv:1808.08865]

https://arxiv.org/pdf/1808.08865.pdf
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What next?
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• LHCb Upgrade I for Run3 and Run4 ( )

‣ Large detector upgrade, trigger-less readout and full software trigger 


‣ Goal is to keep the excellent performance of Run1&2 in a more challenging environment


• LHCb Upgrade II to fully profit from HL-LHC ( )

‣ Novel technologies and timing information to deal with the pile up in the HL-LHC

ℒ ∼ 2 × 1033 s−1cm−2

ℒ ∼ 2 × 1034 s−1cm−2
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LHCb Upgrade I

Vertexing

New silicon pixel 
Vertex Detector

PID 
New photon detectors

Tracking 
New scintillating fibre 


tracking system

Tracking 
New silicon 


upstream tracker

New 

Electronics

New data centre and 
fully software trigger
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Going Trigger-less & fully software
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Remove limitations from the 
hardware trigger, to fully profit 
from the higher luminosity

Collect data at 5x the rate for di-muon channels and 10x the rate for 
hadronic channels
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LHC schedule
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LS2

• Commissioning the new LHCb detector with beams

‣ Given the extensive upgrade, need to completely 

characterise the new detector
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Expected data samples

9

Run I 
(~3/fb)

Run II 
(~6/fb*)

* Increased number 
of b- and c- hadrons cf. Run I

s ⇒ ∼ 2 ×

Run III & Run IV 
(~50/fb)

Run V ++ 
(~300/fb)
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B0(S)→µ+µ–
• Full Run1+2 LHCb sample 

 
 
 

• Will be still statistically dominated until end of Run4


• 50/fb: O(6%), 300/fb: O(3%)


• Main BR systematics now from  (3%)  
[LHCb, arXiv:2103.06810]


• Maybe first evidence for  with 50/fb 
(1.7σ at Run1+2)

fs/fd

B0 → μ+μ−

10

[P
RL

 1
28

, (
20

22
) 0

41
80

1]

ℬ(B0
s → μ+μ−) = (3.09 +0.46

−0.43
+0.15
−0.11) × 10−9

ℬ(B0 → μ+μ−) < 2.6 × 10−10 (95 % CL)

https://arxiv.org/abs/2103.06810
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LHCb simulationb→sττ
• 2 tau leptons in the final state


• poor resolution due to missing neutrinos


• backgrounds from B->DDX particularly dangerous


• Strategy exploits the Dalitz structure of the hadronic 
tau decay


• These analyses will improve with stats, but will 
remain challenging in Run 3 & beyond  
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Run 1 Upgrade I (50/fb) Upgrade II (300/fb)

6.8 x 10-3 ~2 x 10-3 ~7 x 10-4

2.1 x 10-3 ~5 x 10-4 ~2 x 10-4
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B0
s → τ+τ−

B0 → τ+τ−

B0 → K*0τ+τ−

See Hanae and Lakshan’s  
talk on Wednesday
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Lepton flavour violation at LHCb U I/II
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Upgrade I Upgrade II

~2 x 10-10 ~9 x 10-11

~8 x 10-10 ~3 x 10-10

~4 x 10-10 ~7 x 10-11

~4 x 10-10 ~6 x 10-11

~4 x 10-9 ~2 x 10-9

~3 x 10-9 ~1 x 10-9

~4 x 10-9 ~1 x 10-9

~4 x 10-9 ~4 x 10-9

~3 x 10-6 ~1 x 10-6

~8 x 10-6 ~3 x 10-6

~1 x 10-5 ~5 x 10-6

~3 x 10-9 ~1 x 10-9
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b→sℓ+ℓ– angular analyses
• Many new information will become available 

 already with the full Run2 dataset

‣ Updates of binned observables


‣ Several flavours of unbinned analyses


‣ New hadronic systems 

• Run 3 brings predominantly more stats

‣ Get more information about the q2 shape  

with narrower bind in a model independent way


‣ better modelling of the backgrounds
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See Rafael and Tom’s  
talk on Wednesday

https://arxiv.org/abs/1808.08865
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LFU tests at LHCb
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Belle [PRL 126 (2021) 161801]

BaBar [PRD 86 (2012) 032012]

LHCb [JHEP 08 (2017) 055]

LHCb [JHEP 05 (2020) 040]

LHCb [arXiv:2110.09501]

Belle [JHEP 03 (2021) 105]
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2 - 2.5 σ 1σ 3.1 σ 

1.4σ 
1.5σ LHCb [arXiv:2110.09501]

B+ → K*−ℓ+ℓ−

B0 → KS ℓ+ℓ−

See Marie-Helene and  
and Yasmine and Gianluca’s talks on Wednesday
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Electrons vs Muons at LHCb
• Lower trigger efficiency due hardware trigger


‣ Need to cut harder in pT wrt muons  

• Worse momentum & mass resolution


‣ Electrons lose energy through bremsstrahlung 


‣ Recover brem. photons compatible with 
electron direction before magnet (ET > 75 MeV) 

• Particle Identification for electrons based on ECAL 
and track info (E/p) for the electrons 

15

e±

h±
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Electrons in Run3
• LHCb will be running at higher lumi ⇒ more pile-up


‣ New tracking & vertexing to deal with ~5x more tracks


‣ ECAL remains unchanged (new electronics) and removal of Pre-Shower 
and SPD detectors 

• Momentum and mass resolution affected by more background in Brem. 
recovery and larger Brem loss because of more material 

• Electron ID is more challenging in this environment, but a lot of work on 
ongoing to keep the performance at the same level as Run1/2  

• With the removal of the hardware trigger, we can use higher level 
information to select electrons more efficiently


‣ recover efficiency lost in the L0 and the L0 related systematic errors 
disappear (better kinematic overlap between µ and e) 
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LFU with LHCb Upgrade I
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[LHCb, arXiv:1808.08865]

Significant increase in data opens the door to a very significant jump in precision and access to ‘rarer’ processes (b->dll)


Systematics?


• Partially reconstructed backgrounds


• Shape of partially reconstructed backgrounds can be studied in the data 
(Hb→Hs**e+e– BR’s and amplitude structure)


• Corrections to simulation  
‣ Easier calibration in absence of hardware trigger 


    ‣ Larger control samples
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[LHCb, JHEP 12 (2016) 065]

https://arxiv.org/pdf/1808.08865.pdf
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B0 →D*−τ +ντ

π −

π +
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π −K +

τ +

Δz > 4σ Δz

ντ

LFU in b→cℓν transitions
• Experimentally challenging for LHCb due to  

the presence of multiple neutrinos


‣ Use both , 


• Many backgrounds make it difficult to isolate the signal

‣ Isolation, information about the physics of the different processes


• Very large datasets, need to control detector effects very well

τ → μνν τ → πππν
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 b→cℓν in Run3
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• Key to control the systematics

‣ Understand the backgrounds using the data


‣ Fast simulation to be able to increase the sample sizes 
according to the increase in data
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See Abhijit and Mark’s  
and Martin and Julian’s talks on Wednesday
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https://arxiv.org/pdf/1808.08865.pdf
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Summary

• Interesting times ahead

‣ Yes, some challenges await in Run3, but experience from Run1 and 2 will 

help us in understanding the new detector performance 


‣ In the past we extended the reach of the experiment far beyond the design 
specs, can do the same with this new detector!
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Backup
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Run 3 & 4
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Fully software trigger
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