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OUTLINE

Introduction

The old ALEPH method for tau BRs

The proposed new one for Higgs BRs
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Once  on gZH improved (see the talk of Jonas Kunath)

A good precision on the Higgs BR  provides  a good precision on tot

But also to all individual decays couplings

How to improve the BR precision in a model independent way !!
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Introduction
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The improvement of precision HL-LHC  vs ILC is not so fantastic  !!!

I think that ILC can do much better than HL-LHC …  
We need to work  and remember that the final states from  e+e- collisions offers many possibilities
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Taken from contribution to ESPP
Higgs Boson studies at future particle colliders

Introduction

arXiv:1905.03764v2 [hep-ph] 25 Sep 2019
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The ALEPH  METHOD :

e+ e- → 𝜏+ 𝜏 −1 – Select 
with bias on BRs under control

2 – define the variables to be used for identifying
The categories 

3 – fit the  branching ratio to the data sample 

* Phys.Rept.421:191-284,2005 

classification

• Build a  sample with controlled  bias
• Make a classification 
• Extract all BRs with Binomial Stat. uncert.



6

Control check based on the TAU branching ratio

Here with the invariant mass of an “hemisphere”

The ALEPH  METHOD
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The way to control the results 

On data, by using distribution 
Related to the variables used for 
Classification

 DATA DRIVEN
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Following the method of ALEPH,
I propose

e+ e- → 𝑍 𝐻1 – Select a Higgs sample 

2 – define the variables to be used 

3 – fit the Higgs branching ratio to the data sample 
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1 – construction of a Higgs sample

Define a sample 
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Missing mass squared 
For di-leptons
…
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1 – construction of a Higgs sample

Z decays  ee  

NS 928 1399 1691 11225

NB 471 912 1768 84466

“Higgs” Sample based on eLpR for  250 fb-1
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Example of sample built for the  improved gzh measurement ( Jonas Kunath)
It is based on cuts selection at the generator level  (no BDT , TMVA or DNN selection)
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Like in the ALEPH method, the different channels have to be corrected for different selection efficiencies
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Class label Recons. Criteria Higgs decays

b type decays NB=2 , Nc=N=0,… bb, ZZ*

uds type Nb=Nc=N=0 uds,gg, ZZ*,WW*

…. …. ….

Probably the best method is to use DNN to do the classification
Which give directly unique response (using all variables)

2 - Exemple of classification

Crude Exemple :
Nb=2 
Njets=2 
Mvis around 125 GeV
Missing E very low 

bb and not ZZ* DNN will do it much better
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For b-type decays
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1 – Built the vector of variables which optimised the separation of the different Higgs BR

𝐸𝑉𝑇𝑉𝐴𝑅 = (Event variables vector) = (Nh , Nb, Nc, Ne , N , N , N , Evis, Mvis, Njets(Ycut),  …)

2 – Among the Higgs sample,  each event has a unique vector

3 – There now a set of vectors representing the whole sample

4 – fit the vector 𝐻𝐵𝑅 − 𝐵𝐾𝐺 = (Hbrs , Bkg) which fit the best the set of vectors 𝐸𝑉𝑇𝑉𝐴𝑅

…

Statistical errors are better than Gaussian errors  for large and small BR due to 
The fixed number of events in sample which  lead to have binomial statistical uncertainties

3 – fit the Higgs branching ratios to the data sample 
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Conclusion

 We propose to improve the precision on ALL  BR of the Higgs decays with a new method

 It is an extension of the method of ALEPH for the measurement of  decays BRs 

 The method proposed is still model independent.
The binomial errors would improve the precision by a factor which must be important

 Together with the improvement of the coupling gzh, it will provide 
an improved measurement of the total width of the Higgs, leading, with BRs, to ALL couplings 
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Some collaborations would be of interest for

ILC, CLIC, FCCee and CEPC !!!


