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In this lecture 

Lepton Universality tests 

Angular Analyses 
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Standard Model 

New Physics

3Note to self next time add LQs 



Effective Field Theory 

4hep-ph/9806303
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Effective Field Theory 
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Effective Field Theory 
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Effective Field Theory 



SD: Wilson coefficients +  perturbative  

Effective Field Theory 

LD: Local operators + non perturbative 
(LCSR, Lattice, etc. )  
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SD: Wilson coefficients +  perturbative  

Effective Field Theory 

LD: Local operators + non perturbative 
(LCSR, Lattice, etc. )  
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Why we always talk about q2 ?



Charmonia  

Photon pole  
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https://arxiv.org/pdf/hep-ph/0512222
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Photon pole - family of radiative decays

CLEO, PRL 71 (1993) 674  
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LHCb, PRL 123 (2019) 031801  



JHEP 12 (2020) 081  

A glimpse of what goes on here 
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1403.8044 1506.08777

A collection of tensions 

Large effort to develop optimised variables to cancel hadronic uncertainties from LD. 
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Belle, PRL 88 (2002) 021801 



K*μμ the cool kid on the block 
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The helicity basis



The K* meson is a vector with spin 1: 3 polarisations
This allows for a rich angular structure
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The signal - it’s a very rare decay yes,  
but this is very clean. 
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20The number of amplitudes will depend on the spin structure 
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We meet again our favorite Wilson coefficients and form factors 



But how do we relate the amplitude with what we fit in the data ? 

First we have to pick a basis  

For this decay we encounter often two the Si basis and the Pi basis. 

For the curious there a number of pheno packages where the amplitudes are already coded if you 
want to play with them Flavio, EOS, et al. 
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Fast forward to the results skipping all the lovely details about angular acceptance, 
simulation reweighing, systematic uncertainties, statistical coverage etc. 



Often many discussion about the predictions, you may have heard of the words  
Non factorable charm loops  

One the guiltiest plots in the B anomalies saga

Some example of the results
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Patience often required… 



A couple of words 

• Explore also other B systems. 

• Continue the work on the theory predictions.  

• One things which would be interesting is to measure this also with electrons. 

Méril's talk

28

https://indico.in2p3.fr/event/28579/contributions/126403/attachments/78839/115139/Reboud_030723.pdf


The idea behind a lepton universality test 

It’s very simple  
we expect the coupling to the leptons  

to be the same 

これはシンプル。

レプトンとの結合はどれも同じだと期待できます。
それをテストしてみようというわけです。
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From the PDG or equivalent : Lepton  
Universality  

tests 
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レプトン普遍性のテスト



“The” observable 

A powerful probe to look for NP in an indirect way. 
Today, we discuss three papers: 1705.05802, 1903.09252, 2103.11769
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The “Simplicity” of Lepton Universality test 

Similar observables in charged currents 
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Loop induced 

Tree level 



1909.02519

What can we expect in the SM 
1605.07633
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Assuming V-A currents 

https://indico.in2p3.fr/event/18845/


1909.02519

What can we expect in the SM 

1605.07633

https://indico.in2p3.fr/event/18845/34

https://indico.in2p3.fr/event/18845/


Why are electrons difficult ? 

I am not sure this is the answer we are looking for 
35



σ ∝1/ml2  

Energy loss ∝ Ee  
Energy loss ∝ material 
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Bremsstrahlung 

Match electron tracks to photon clusters in the ECAL  
Correct electron momenta by “attaching” photons.  

Three categories of events: 0, 1,  > 1 photons  
Different invariant mass shapes due to under- or over-correcting  
ECAL resolution is worse than tracker.  
Bin migration included in systematics.



From Vitalii Lisovskyi my former PhD student

Electrons vs muons
Even after Bremsstrahlung recovery, electrons still have degraded momentum, mass, q2 resolution.

Particle ID and track reconstruction efficiencies also larger for muons than for electrons.
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Get the differences between 
electron and muon efficiencies 

fully under control



What does the data look like?



What is actually measured is 
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Try to calibrate as much as possible from data
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Getting the single/double ratios correct is very painful but it pays off

Checked also in various bins of kinematic etc. 



Now we look at the data 

Once again the muons are a day at the beach 

The electrons less so



The cold shower 
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Why a cold shower?  
The result before that indicated a consistent pattern.  

But !  
These results are still statistically limited…  



Just for reference - the pre-cold shower picture 
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More information
44

Observation of B→Kνν  
on the side of the world 

Very interesting result !  
Looking forward to seeing impact on phenomenology work  

https://indico.desy.de/event/34916/contributions/149769/attachments/84417/111854/Belle%20II%20highlights.pdf
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Let’s continue… charged currents



Why are decays with 𝜏 in the final state difficult ? 

The first discussion we had with G. Isidori to prepare the lectures was in June…

Obviously I finished this lectures a way hours ago. 
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Thank you class of 2023 CERN Fermilab 
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Missing energy much easier at GDP & B-factories 
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Welcome to the world of template fits 

It’s just a Tuesday for my colleagues from ATLAS and CMS



Why does it take so long ? 
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Dante 9 circles of Hell 
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Have a look back at G. Isidori’s talk about the implications ! 
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LHCb enters the game of semi-leptonic angular analyses 
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Belle 2  
Very appealing to be able to do Lepton Universality tests from angular analysis  
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What else? 
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LHCb, PRL 128 (2022) 041801 CMS, PL B842 (2023) 137955 ATLAS, JHEP 04 (2019) 098 



Fairly old plot but still  makes the point

57

Alw
ays be grateful to D

.Straub for inventing Flavio



Yes but what about New Physics? 
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To almost conclude 

• We need New Physics !


• Flavour Physics is a super cool laboratory 
to search for it. 


• So far the Standard Model seems to be 
putting up a good fight. 


• We can only reply on the imagination of 
physicists to make the next breakthroughs.


• There are a number of experiments lined up 
to pursue this adventure ! 



Good practices for PhD students 

• Keep an eye on arXiv.  

• Check the theory and experimental summeries talks at conferences and 
workshops  

• Check the review articles.  

• Check other submitted PhDs manuscripts.   

• Don’t be shy and ask questions. 
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If one day you become a PhD student 



And please please please
• Log your work, it does not matter if you use notebooks,  

software,  whatever.  

• Keep track of everything you do, we forget details, we forget 
obvious things. We always think that we will remember.  

• The amount of information to store only increases, so help 
your future you and write down things. 
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https://www.yasmineamhis.com/post/track-review-keep-or-toss

https://www.yasmineamhis.com/post/3-tips-for-new-phd-graduates



A colouring book for children will soon be available at the CERN Science Gateway 

More information yasmineamhis.com 

http://yasmineamhis.com


Credit to Anja Beck 
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Hang in there, it will get better (maybe)

Thank you for your attention 
 If you have questions yasmine.sara.amhis@cern.ch

It’s a chance to do things with your “hands”


