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July 4, 2012

“l think we have it” — Rolf Heuer, CERN’s Director General
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e elusive Higgs boson is at last found—and
the universe gets a little less mysterious

BY JEFFREY KLUGER _
(o]
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Francgois Englert Peter W. Higgs
Université Libre de Bruxelles, Belgium University of Edinburgh, UK

"For den teoretiska upptackten av en mekanism som bidrar till forstaelsen av massans ursprung
hos subatomara partiklar, och som nyligen, genom upptackten av den forutsagda fundamentala
partikeln, bekréftats av ATLAS- och CMS-experimenten vid CERN:s accelerator LHC.”

“For the theoretical discovery of a mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS experiments at CERN's Large Hadron Collider.”

@ Nobelprize.org
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July 2, 2024
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What is the Higgs boson?
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Fundamental building blocks?
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« ~1869, Mendeleyev published “Principles of Chemistry”
« All that complexity from ~100 “elements”
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[ Fundamental building blocks? ]

1A VIIIA

1 Periodic Table
- of Elements A V’" A VIA  VIIA

2| Li |Be © AllAboutGemstones.com
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(neutron)
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quark
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nucleus
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H - Gas Li - Solid

[ Non-Metals . Transition Metals

: , atom~102cm
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. but all of them are combinations of THREE particles.
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Fundamental building blocks?

» Besides those three, ...

Charge

+2/3
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Fundamental building blocks?

Charge

» Besides those three, ...
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« Besides those three, there Fermions osons

are 13 more

* They describe almost all
known physical phenomena

o ..-

* In 1964, there was a problem: the model worked only
if all elementary particles had ZERO mass

" L. R. Flores Castillo The discovery of the Higgs particle July 2, 2024
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[ “Zero mass’? ]

— “Mass” is the resistance to transform energy into motion

Black beach ball vs bowling ball:
the lower the mass, the larger the speed acquired

— Are there any particles with mass =0 ?
Yes: photons and gluons travel at the speed of light

— What if all elementary particles traveled at light speed?
* There would be no atoms
« No clusters of matter (hence: no stars, no planets)
* No life as we know it

—In 1964, Higgs, Englert+Brout, Guralnik+Hagen+Kibble found
a solution by postulating a new field,
... and a new elementary particle.
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|dea: Prof. David J. Miller Image: CERN
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“For every complex problem there is an
answer that is clear, simple, ...



“For every complex problem there is an
answer that is clear, simple, and wrong.”

— H. L. Mencken
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How was this particle discovered?
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* ~1600 suprconducting magnets
* “Bunches” of 1.15%x10"" protons: 30 microns x several cm
* 40 million bunch crossings per second
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ATLAS ~22MmX45M cmg 15 mx21.5m
~ 7,000 tons
» ~ 12,500 tons

Five-story building

A

« About 100 millions sensors each
* Much beyond a 12-megapixel camera: 40 million pictures/second
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Z~>upu event from 2012

with 25 reconstructed vertices

~20 pp interactions

» Each bunch crossing

spacing: 600 M pp/s

* 40 M crossings per second x 20 pp por crossing

keep only 400 colisions/s

)

trigger systems

(

« Each pp collision produces hundreds of particles

 Fast selection systems

* If stored in musing CD’s, ...
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Worldwide LHC Computing Grid
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

pr (muons) = 36.1, 47.5, 26.4, 71.7 GeV m,,=86.3 GeV, m3,= 31.6 GeV. 15 reconstructed vertices
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What is next?




[ Future colliders ]

%0 Lake Geneva

CERN

* Also in the Geneva area

« Conceptual Design
Report . January 2019
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2015
2020
2025
2030
2035
2040

Pre-CDR & CDR R&D and TDR Construction
(2013-2017) (2018-2022) (2022-2030)

Imagen: CEPC CDR, Vol 1.
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https://www.youtube.com/watch?v=dEcWjMX9oCw
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