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1. Introduction 

   On 4th of July, the CERN broadcasted a physics seminar with the sensational news 

through the various world-wide medias, where two large international experiments 

ATLAS and CMS presented their new results concerning the clear observations of a new 

particle, which looks like a Higgs boson: long awaited particle by the high-energy 

physicists during half a century. These observations are based on the data taken during 

the years 2011 and 2012, from the proton-proton collisions at LHC (Large Hadron 

Collider) in each interaction point belonging to ATALS and CMS experiments. The Higgs 

boson, if once confirmed experimentally, is the proof of the existence of the Higgs filed, 

which is considered to be in charge of the origin of masses for all the elementary particles.    

   The experiments have searched for a resonance or an excess of events caused by the 

new particle in the observed invariant mass distribution. We, experiments, indeed found 

such excess in good significance. Within the current experimental uncertainties, this 

newly discovered particle is consistent with the predicted production yields of the Higgs 

boson in the Standard Model (SM) of the particle physics. The measured mass (126 GeV) 

is also within a reasonable range, where the theories and the indirect measurements so 

far have suggested. Since the searches have been carried out in the context of the SM 

Higgs boson and we found one, the methodology of Higgs boson searches are presented in 

this talk.     

 

2. Productions and decays of Higgs particle 

   Higgs particle could be produced and decay via the mechanism based on its coupling to 

the known SM particles. In case of LHC, the dominant production channel is via the 

fusion of gluons into the Higgs boson (through the quantum loop of the top quarks etc., 

since gluon has no direct coupling with the Higgs). A produced Higgs particle would 

instantly decays into the SM particles in various channels. Hence the experiments look 

for the clue of Higgs particle's production in its decay products, i.e. the types, numbers, 

and momentum of the each detected objects like photons, electrons, muons and hadronic 

jets inside the detector volumes. The neutrino, which is also one of the important decay 

objects, could be inferred from a missing energy in the detector, since it leaves no trail of 

its pass.    

    In order to produce Higgs bosons with statistically observable amount, the proton 

collider has to have enough energy and luminosity. The detectors on the other hand has to 

have a capability of detecting and measuring the produced particles types, directions, 



 

 

 

momentum, etc. in the high luminosity collider circumstance, thus high performance of 

the detectors under severe condition are required.   

 

3. The collider and the detectors 

    The LHC is a proton-proton collider built in a circular tunnel with 27km perimeter 

placed at around 100m underground at suburb of Geneve. The protons are accelerated up 

to 7 TeV (this is a design value, for 2011/2012 it was 3.5/4.0 TeV) and collided against 

oppositely circulated protons from the other ring at interaction points. The ATLAS 

detector, placed at one of these points, is a gigantic multi-purpose barrel shaped detector 

with 22m in height and 44m in length with its well balanced performance in detecting 

electro-magnetic objects as electrons and photons, muons, hadronic observables as jets, 

and missing energy. The collisions occur in frequency of 40MHz, dominated by low energy 

inelastic scattering events, followed by the QCD multi-jet events. Three level trigger 

system selects the high momentum physics events out of these huge amount of unwanted 

low energy events. Reduction rate is about 105-106. The data is recorded with up to 400Hz, 

which are immediately reconstructed to be in use for the analysis at the CERN computing 

center and distributed to the global GRID system. The data is stored in the various GRID 

sites allocated in many member institutes around the globe. The analysis work is 

performed by sending the analysis tasks to the sites in which the relevant data is stored. 

With this GRID analysis framework, the recorded data could be accessed by multiple 

analyzers in such an efficient way, and this has made it possible to prepare the 

preliminary results shown at seminar in such a fast fashion including a newly obtained 

data. 

 

4. future plan 

   The talk would also mention the future plan about Higgs boson/field studies after this 

discovery. For an immediate future, the most urgent and interesting subject is to confirm 

whether the discovered new particle has the properties of the long awaited SM Higgs 

boson. In the middle term, the precise measurements of its interaction strength to various 

SM particles will be carried out and then will be compared against their mass values in 

order to validate whether the mass generation is indeed caused by Higgs mechanism. In 

longer term, the experiments will look for the phenomena with two or three Higgs bosons 

production in the final state, with which the direct measurement of the Higgs field 

potential shape becomes possible. This would unveil the mystery in the creation of the 

mass which is believed to have happened at just after the birth of our universe.  

 

Conclusion 

    After the discovery of the new particle, the research for Higgs changed the stance 

from the search to the measurement. Therefore for high-energy particle physics field, 

although this discovery was a superb landmark, it was not a goal but a start of the new 

research era. Further developments in this field are expected in the coming decades.   

 

References 



 

 

 

' Observation of a new particle in the search for the Standard Model Higgs boson with the 

ATLAS detector at the LHC', The ATLAS Collaboration, Phys. Lett. B716 (2012) 1-29  


